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IROFA-Led Roundtable Discussion on IMS 
94FE0296A Tokyo KIKAI SHINKO in Japanese Nov 93 
pp 4-20 


[Participants: Toshio Andachi, head of Industrial 
Machinery Division, Machinery and Information Indus- 
tries Bureau, Ministry of International Trade and 
Industry (MITI); Eiichi Ohno, executive director and 
director of development, Mitsubishi Electric Co.; Yuji 
Furukawa, head of engineering, Tokyo Metropolitan 
University; Hideyuki Hayashi (Chair), senior executive 
director, International Robotics and Factory Automa- 
tion Center (IROFA)} 


[Text] 


Hayashi (Chair): Thank you for taking time from your 
busy schedules to participate in this discussion. 


Japan proposed the IMS (Intelligent Manufacturing 
System) program at the end of 1989 as the IMS interna- 
tional collaborative development program to solve 
common problems that currently face manufacturing 
industries worldwide and to develop a sound structure 
for the future. I believe the most important idea in this 
program extends beyond mere competition to an original 
experiment on what kind of cooperation will occur in 
research and development. 


Experts from all over the world also understand this 
idea. However, this was the first attempt to involve a 
number of countries in an extremely large program. In 
particular, the problem of intellectual property rights 
(IPR) and government-related financial support were 
also included within the program’s framework. The 
proposal of “slightly more examination of the frame- 
work for the concrete IMS project before implementa- 
tion” was particularly strong from the United States and 
Europe. Thus, an international feasibility study began in 
February 1992. 


Gathered under the framework for implementing this 
IMS project in the feasibility study is one more new trial 
in the form of test cases on how well a large-scale 
international joint research function will be carried out 
through a few specific temporary projects. That is, var- 
ious problems will probably arise during the test cases. 
The purpose is to provide feedback for these problems in 
the examination of the framework and to devise an 
improved framework. 


The test cases began with a two-year schedule and have 
just passed the one and a half year mark. The first year 
was divided into studies of the test cases. Today, six test 
cases are proceeding in the form of international con- 
sortia. We are currently approaching the stage of stimu- 
lating discussions on the essential objective of examining 
the overall framework of the IMS project. 


Although we are still in the feasibility study phase, in this 
panel discussion, I would like to hear your thoughts on 
the central point of how the IMS project will develop in 
the future. 





I think broaching this topic from the beginning is some- 
what difficult because over four years have passed since 
Japan’s proposal. As panel members who have taken 
part in the planning of the international committees 
established during the feasibility study, what are your 
thoughts and impressions of the progress of the IMS 
project? 


Let’s first hear from Professor Furukawa who has par- 
ticipated since the IMS project’s planning stage. 


Past Development of the IMS Project 


Furukawa: As Mr. Hayashi noted, I'm sure all of us are 
grateful to have finally reached the end of the feasibility 
study. 


I will begin with my opinion on the international man- 
agement of the three committees of the International 
Steering Committee (ISC), the International Technical 
Committee (ITC), and the International Intellectual 
Property Rights Committee (IIPRC). There are a total of 
10 committee members representing all of the countries. 
My impression as a committee member is that the 
members in each committee are very enthusiastic. | 
strongly believe that all want this international collabo- 
rative research to be a success. Although there have been 
arrangements between two countries on different inter- 
national joint research or joint research between private 
corporations, this is the first attempt to perform large- 
scale collaborative research of three or more countries. 
The fact is the committee members from all over the 
world are quite passionate about this. 


However, despite the enthusiasm of each committee 
member, I am concerned about various problems such as 
political, economic, and social problems which exist in 
the country or region of origin of each member. These 
will burden the committee member and some gap may 
exist between the country’s industrial policy and indi- 
vidual inclinations. If only the opinions of individuals 
were combined, it would be a simple matter to solve. 
However, cooperation between the people of different 
countries must develop and this is very difficult. So 
when viewed from the perspective of people who are not 
participating in this project, they may have the impres- 
sion that the program isn’t advancing at the rate pro- 
posed by Japan. I believe that promoting international 
cooperation in this situation is quite difficult. 


Chair: Thank you. Mr. Ohno, what are your thoughts? 


Ohno: As Professor Furukawa stated, international coop- 
eration is a critical point. Although IMS stands for 
Intelligent Manufacturing System, the “I’’ has also stood 
for “International” from the beginning. Perhaps it 
should be IIMS where international cooperation forms 
an important foundation of IMS. 


There is a variety of academic conferences related to 
manufacturing technology, for example. conferences 
about robots. In my industry, I too have »een involved 
with various academic conference activities due to my 
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many years of working in research and development. 
However, IMS is not simply at the level of an academic 
conference, but encompasses the larger meaning of an 
Organization that includes countries, regions, or the 
whole world. 


New technologies were introduced into Japan’s manu- 
facturing industry during the 1970s and 1980s. Develop- 
ments came from flexible manufacturing systems (FMS) 
to factory automation (FA) and computer-integrated 
manufacturing (CIM) and competence has been culti- 
vated in these areas. In the 1990s, and as we move 
towards the 21st century, it is important to consider 
what industry should do. While the current economic 
climate is poor, this is not simply a short-term problem. 
We approach a major crossroads in the 21st century and 
it will be an era of structural change. How should 
manufacturing industries change in this era can be 
debated on a global scale. I believe this will be quite 
beneficial. In this context, much is expected from IMS. 


Chair: Mr. Andachi, what do you think? 


Andachi: Although I participated as a member in the 
second International Steering Committee held last July, 
I heard that the first ISC meeting held in Toronto was a 
remarkable meeting where a discussion on making a 
framework took place in circumstances where a satisfac- 
tory consensus of all regions could not be reached. I have 
inherited the situation of somehow compiling the results 
following the second and third meetings. Even when the 
actions of the actual conferences are looked at, this kind 
of feeling is increasing. As Professor Furukawa stated, I 
feel these changes are very dramatic. 


As we move towards full-scale research, the government 
of each country must provide stronger support. A major 
first step was the “Kyoto statement” at the Kyoto 
meeting. At the end of the ISC meeting in Venice, Mr. 
Inaba, a committee member, suggested announcing the 
intentions to the world and issue a statement based on 
the consensus arrived at in the previous discussions for 
the Kyoto meeting that must be attended. This was 
accepted and the position shared among the countries 
will be clearly presented to the world at the fourth 
meeting in Kyoto. The Kyoto statement is a powerful 
starting point for full-scale research. 


However, since the regions are different, so are their 
opinions. For example, looking at the European Com- 
munity (EC), there is ESPRIT, where critical experience 
was accumulated through trial and error of multiple 
collaborative research projects within the region. The EC 
experience is very useful in demonstrating points that 
must be heeded concerning this kind of multifaceted 
research. But there are times when Japanese are apt to be 
impatient with this necessary circuitous discussion. This, 
however, is useful in avoiding failure. Additionally, I 
believe the discussions would progress rapidly in three 
regions, Japan, the United States, and the EC. With the 
addition of Canada and Australia, when a consensus is 
formed, I feel they will fill important roles. Frankly, I 
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wonder what will happen as more regions are added, but 
I feel that six regions would form an excellent structu e. 


Chair: Thank you. 


I also participated in the IMS project from a relatively 
early stage. Since the FA vision discussion group in 
Japan in 1988, this examination of IMS has been 
underway for a long time and, in fact, this was a basis of 
an older study. I’ve heard that the United States and 
some European countries criticized Japan’s proposal and 
there were disputes from the beginning. 


Upon hearing your opinions today, | strongly feel the 
current situation of consensus can be arrived at through 
this kind of international committee attended by repre- 
sentatives from all countries who exchange a variety of 
opinions, and these discussions will advance construc- 
tively. 


Although there are many discussions I would like to 
have, one 1s about the test cases of the feasibility study 
which are underway and will begin their one year sched- 
ules in February. The test cases have proceeded well and 
will play important roles in building the IMS project in 
the future. 


Mitsubishi Electric has undertaken one of the six test 
cases and is the leader of the international consortium. 
Would you briefly introduce its state of progress? 


The International Gnosis Project 


Ohno: This project is called Gnosis, the initial “G” is 
silent. This word comes from the Greek language and 
means knowledge. 


Professor Yoshikawa, who proposed IMS and is now 
president of the University of Tokyo, stated from the 
beginning that this project is the “systematization of 
knowledge related to manufacturing.”’ Based on this 
idea, this project was proposed to be assembled domes- 
tically, then to become an international project. 


As discussed earlier, when assembling an international 
project, the first problem is the balance between each 
region and the participation of as many regions as 
possible is desired. Therefore, IMS is an international 
problem and at the same time attempts to successfully 
form collaborative relationships between experts at uni- 
versities and public research institutions, and groups 
that perform research in the private sector. Initially, in 
order to create a global international project, the struc- 
ture of the consortium was to have all six regional 
members participate in the planning. In the case of 
Gnosis, Australia did not participate, although the other 
five regions took part. There was an imbalance in that a 
number of organizations from Japan, the EC, and the 
European Free Trade Association (EFTA) participated, 
while only a few Canadian and American organizations 
participated. I think this first test case barely earns a 
passing grade. In this case, a total of 31 academic, 
research, and corporate organizations participated. 
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Japan had 8 organizations participating; the EC had the 
most at 11; EFTA, 8; Canada, 3; and the U:S., 1. 


A while ago Mr. Hayashi stated that it had started at the 
beginning of this year, in fact, a review was held at the 
3rd International Technical Committee (ITC) in Dallas, 
Texas, last November. Previously, the structure of the 
consortium had been settled and because no proposals 
were submitted on its content, various activities were 
started back then. This phase was very troublesome and 
our group leader toured the world and assembled the 
group. This project was approved at the Dallas meeting 
and Professor Furukawa explained it to us today. 


Later, a formal decision was presented at the beginning 
of this year and initiated. Therefore, members from all 
31 enterprises that joined this consortium were not 
present at the beginning of February, but a majority of 
people attended the Inter-Regional Meeting (IRM) held 
in Stuttgart. Since the test cases will only last about one 
year and everyone will not work from the beginning to 
the end, the so-called work package is divided among 
about five groups. 


There was real concern in the first phase about whether 
it would go well, however, everyone enthusiastically 
cooperated in this approach. Following the February 
meeting, the IRM that gathers together the whole group 
will be held in Helsinki in August, then in Kyoto in 
November. During this phase, monthly meetings in the 
form of working groups are held somewhere for each task 
force. More than 80 people are participating. 


The problem in the initial phase was balancing the 
regions with industry and academia, therefore, promi- 
nent members who are hard at work were gathered 
together. The cooperation of each organization must be 
obtained in this area. As mentioned earlier, IPR [intel- 
lectual property rights] was a problem at that time This 
project is a long-term issue and we are working to 
prevent problems in this area from becoming serious. 
During this phase, there were many discussions on how 
to manage a long-term project and specific short-term 
results. There were discussions on Japan’s proposing this 
project with a long-term view and Europe’s desire to also 
carry out comparatively short-term projects. I think we 
can execute a program that skillfully combines these two 
views. 


Equal partnerships and equal participation in planning 
are considered to be one basic principle of IMS. In this 
context, Mr. Hayashi described our role as the “leader,” 
however, the proper title is not leader but “point of 
contact.” This was discussed in the third ITC. Since 
“leader” or “coordinator” imply “standing in author- 
ity,” they are not used. We decided to call the executive 
manager of this project the “point of contact.” Looking 
at one point of this discussion, the question arises of how 
will everyone in the world work under a principle of 
equality. Therefore, we have examined this in depth. 


Since this project is international, there is concern about 
its expense. European and American businesses 1n par- 
ticular have expressed doubt on this point. As stated 


earlier, operations are international, so over 25 percent 
of total research costs are business trip and communica- 
tions costs. Since volunteers provide the manpower, 
providing an official number is difficult, but this is a 
rough estimate. The expense of this international coop- 
eration is costly, but we recognize that this will help us 
obtain a collaborative system and superior results. Then, 
various discussions will ensue based on this, and I 
believe good things will result. 


Chair: Thank you. 


Of the six projects, which project has the most partners 
or participants? 


Ohno: Let me see, three of the six are about the same 
size. We are planning for 32 participants and it is now 
31. I've heard the Holonic Manufacturing System has 32 
and if this is the case, it is the largest. Because the figure 
of 31 has been stated in connection to Globeman 21, 
three projects have over 30 partners. 


Chair: Because so many people are participating in the 
Gnosis project, its administration is difficult. The expe- 
rience so far has been continuing the research while 
satisfying collaborative efforts among all of the partici- 
pants. I would like to hear about each of the other five 
test cases. They were described at the beginning in the 
feasibility study and are very significant. Of course, in 
addition to how research and development can proceed 
efficiently in this kind of system, a number of problems 
have appeared. The IMS project to be construcicd in the 
future will truly be a fine program. The International 
Technical Committee has requested that all experiences 
and problems be sent to them. I believe this phase 
completes the initial monitoring, would you please sum- 
marize your evaluation or opinion of the current situa- 
tion? 


Professor Furukawa, what is your opinion? 


The International Technical Committee's Monitoring 


Furukawa: One caveat about the objective of a test case 
is the mistaken belief that having any result is the 
objective. 


The objective of these test cases, as Mr. Ohno stated 
earlier, is not to officially or unofficially produce a 
specific research result in only one year, but to have three 
or four broad objectives. 


Objective No. | is to verify whether international coop- 
eration among at least three countries is possible in the 
manufacturing field. I believe this is the most important 
objective. 


Objective No. 2 is to establish a distribution principle on 
how intellectual property like patents is to be shared in 
the collaborative research system. 


Objective No. 3, which I feel addresses a critical 
problem, is when research continues in the future, spe- 
cifically, how will research topics be established and how 
will they be managed. 
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Objective No. 4 is closely related to this problem; 
perhaps it should be objective 3a. This is the tricky 
problem of how to administer research funds or personal 
resources. In the current phase, these three or four 
important issues will be identified in the test cases. 


In order to identify these issues, the decision was made 
for the technical committee to monitor them, and a 
monitoring methodology was defined last November. 
This is called the “monitoring grid” and the monitored 
items are set up in a matrix form. Monitoring is centered 
around the four objectives I just mentioned. Represen- 
tatives of the consortia for the six test cases that began in 
this year’s February phase reported on how the consortia 
were formed and what problems were encountered in the 
formation process. During the Vancouver meeting in 
July, the current status and state of progress were 
reported by the same six teams and interim evaluations 
took place. Finally, the plan is to write the final report at 
the 6th International Technical Committee held at the 
end of November to sometime in December. 


As for content, each of the six projects is proceeding 
smoothly within the research collaboration system men- 
tioned earlier for handling intellectual property rights 
and establishing research problems. With an eye on 
major results in the future, I firmly believe that earnest 
cooperation and international understanding are being 
advanced. 


ihe six tesi cases underway have distinctive features. 
Although there are test cases in which Japan 1s not 
participating, Gnosis, described by Mr. Ohno and 
Globeman 21 on how to conduct global manufacturing, 
has British Aerospace Defense Ltd. as the point of 
contact. Many participants have come from Japan, but I 
think this international collaborative and apportionment 
system can be achieved. 


In addition, Northern Telecom in Canada is the point of 
contact for a project that deals with research tissues 
related to concurrent engineering. Here, the communi- 
cation designer is described by Mr. Ohno as very skillful, 
as would be expected since it is Northern Telecom. More 
than directly meeting the person, unfettered use of 
international communication like E-mail or video con- 
ferences is planned. This is very unique. 


Then there is the Rapid Product Development project 
centered at United Technologies Co. in the United 
States. This advances research content that is inter- 
twined with rapid prototyping, from the computer-aided 
design (CAD) to the prototype, then introduces the 
product to the market. I think this is quite substantive. 


The Holonic Manufacturing project is being promoted 
which is centered at Allen-Bradley in the United States. 
The core problem is to create the elements of manufac- 
turing systems. Evaluation is possible where hardware 
that is the elemental technology is apparent and the 
target is easy to understand. 


JPRS-JST-94-031 
23 September 1994 


Finally, one project I am very interested in as an indi- 
vidual is the Clean Manufacturing Project. This project 
is promoted based at ICI Engineering in Great Britain. | 
felt that, from the beginning, Japan has focused on 
processing and assembly industries for the production 
industry and IMS was started at Japan’s impetus. When 
the test cases began, the chemical industry field entered 
as a link to clean manufacturing. It seems the field in the 
manufacturing industry will expand further; this is a 
distinguishing characteristic of this project. 


Currently, the six test cases are underway and pro- 
gressing smoothly, and energy is overflowing. Why inter- 
national cooperation is necessary and its objective will 
gradually become clear. We have been given the incen- 
tive to collaborate internationally, but it is not clear 
when collaboration 1s needed, what the format should 
be, and in which fields collaboration is needed. In the 
phase where the six test cases are each advanced, these 
issues will become clearer in each technical field. | 
definitely expect this to connect to the future. 


Chair: The last comment of the professor was very 
important. 


Furukawa: Yes. | want to add one more thing. Initially, 
the six technology fields were described at the Interna- 
tional Technical Committee. While the International 
Steering Committee suggested that three or four themes 
would be suitable as test cases, in the end, six test cases 
were decided on. The six technology licids expiained by 
the International Technical Committee and the six test 
cases underway do not necessarily coincide. One missing 
element in the manufacturing technology requested by 
the technology committee is the human problem, that of 
human resources or people themselves 1s not addressed 
in the test cases. 


It’s too bad the test case phase does not address future 
fields like new materials and new processing techniques. 
I hope these important fields will be included in the IMS 
project in the future. 


Ohno: As Professor Furukawa stated, | also believe a 
major objective of this international cooperation, espe- 
cially the feasibility study, is to see whether international 
cooperation will be successful. Therefore, in addition to 
holding meetings, new methods are steadily being 
employed like the presentation from Northern Telecom 
in Canada teleconferenced during the fourth ITC 
meeting in Sydney. In addition to meetings of our group, 
new communications methods like E-mail are steadily 
being used. Europe and the United States are rapidly 
expanding E-mail, but it is limited to a portion of 
researchers in Japan where it seems to be spreading more 
at universities. 


Furukawa: Universities have many fax machines. 


Ohno: Faxes are used a lot in Japan, but E-mail still has 
a way to go. While it is used in particular research groups 
at laboratories like ours, it is still not common. However, 
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when I exchange business cards at meetings with col- 
leagues from abroad, since E-mail is widely used, they 
ask ““Do you have E-mail? What is your E-mail address?” 
Japan is a little behind in this area. Another aspect is a 
cultural difference where using faxes to send hand- 
written characters and drawings is widespread in Japan. 
In any even’, it is important to skillfully use these 
tech. 1:ques. 


A communication system for efficient mutual exchanges 
and ways to record and manage the data are also essen- 
tial. 


Chair: That's true. Although this is unrelated to the IMS 
project, one of our projects at IROFA is the MAP project 
to solve the networking problem in a factory through 
international cooperation. A World Alliance meeting 
will be held on this. Until now telephone conferences 
have also been used, but not very frequently. Starting 
this fall, however, a time frame will be appropriately set 
so that everyone from all over the world can participate 
once a month, making the conferences more frequent. 


When a project becomes international, you can’t wait for 
mutual communication or meetings. Since there are 
large increases in costs and structural costs in non- 
essential overhead, this area will probably be strength- 
ened in the full-scale IMS project. 


Andachi: No matter how the full-scale program proceeds 
in the future, teleconferencing has become another topic 
of discussion. After selecting six test cases, the task force 
will teleconference their meetings. Although the Cana- 
dian representative initially seemed to be lost at roll call, 
this was an effective method given the pre-conceived 
notions. Looking at costs, they can be reduced by about 
one-tenth compared to discussions in face-to-face meet- 
ings. While the teleconferences have not gone very well 
so far, I firialy believe an important issue is to skillfully 
combine them into multifaceted collaborative activities. 


Furukawa: We are currently studying setting up tech- 
nology themes in a working group of the technology 
committee and teleconferences are common with my 
colleagues. However, there are two difficult problems. 
The teleconferences are always held at 12 hours Green- 
‘vich time, but this is slightly different depending on the 
-egion at the beginning and end of summer and the 
person called may not be present because of the one hour 
difference. We missed out a number of times before 
summer. Either people weren't there or they were there, 
and in fact, I, the ringleader, was also late at times. Such 
a simple thing can be quite difficult. 


The other problem is the Japanese are unaccustomed to 
being chairman. For example, at my university, to use 
the telephone circuit for simultaneous calls to five other 
countries, a reservation is made and this cannot be 
performed systematically. With this kind of problem, 
perhaps Japan is a backward country in terms of unex- 
pected phone calls. 


Chair: Thank you for sharing your opinions. So far we 
have heard your opinions on the progress of the feasi- 
bility study in particular. To summarize, the feasibility 
study, which includes the test cases, has increased the 
confidence among the participants, and everyone will 
strive to make the IMS project a reality in the near 
future. In the future, we at the IMS center will also work 
hard to create an excellent program. 


Finally, | would like to broach the main subject. The 
feasibility study will tentatively last for two years. Mr. 
Andachi, please summarize the major issues in the future 
development of the schedule and IMS framework for the 
remaining six months. 


Future Issues of the IMS Project 


Andachi: As Professor Furukawa explained earlier, the 
final evaluations were made in relation to the feasibility 
study raised in the final phase and they will be reported. 
Upon hearing this, it appears that each of the six test 
cases are proceeding smoothly. But a few problems are 
acceptable. The overall feasibility is the process of 
reporting what went well or didn’t go well, including the 
creation of full-scale, serious research. The issue 
becomes building a framework for serious research based 
on the feasibility study that focused on the test cases. 


In fact, wasn't the Kyoto meeting the starting point for 
building a framework for serious research? Members of 
ITC and I1PRC combined to form a task force at the 
International Steering Committee and wiil become the 
forum for future discussions. In addition, this work will 
proceed while the roles are aptly assigned to the four 
working groups in ITC and examined by IIPRC sub- 


groups. 


The Terms of Reference created in the feasibility study 
describe what must be included in future discussions. 
We must investigate whether it is good to truly include 
this unchanged into the full-scale program. When each 
specific issue is considered, there exists the issue of 
thinking about the method for participating in IMS. For 
example, the six regions of Japan, the United States, the 
European Community, the European Free Trade Asso- 
ciation, and Australia are now participating in this 
program. Other countries like Russia, Korea, and Singa- 
pore have asked “in what manner can we participate.” 
One major problem is what format will be established for 
participation. Although this problem was suspended in 
the feasibility study stage, in the end, this must be 
addressed by serious research. 


Even with just six regions, in terms of management and 
manageability of the project, this is a fairly large number 
of members. The problem arises of what mechanisms are 
required for the project to possess manageability and to 
have an open system. 


So far IMS created an IIPRC subcommittee. Based on 
the results, IMS has given intellectual property rights a 
very important position because it is important to this 
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project’s success. When new countries participate, the 
protection of intellectual property rights in each country 
must be carefully examined. 


The related manageability necessitates studies on how to 
manage IMS project and on the management structure. 
While various arguments have been put forth, for now, 
the majority opinion seems to favor promoting a distrib- 
uted form as the basis. Specifically, it would be won- 
derful to construct something like a central laboratory 
where all kinds of research would be performed, but this 
has problems in terms of efficiency. When a secretariat 
system that supports research activities was decided, the 
question was what is the best way to provide smooth and 
efficient support while maintaining global coordination. 
This aspect still must be considered. 


The six fields selected as test case themes have been 
described, but is it proper for these themes to become 
full-scale projects unchanged? Perhaps, it is not. Conse- 
quently, we must once again discuss what is the target 
field of each project that is taken up as a full-scale 
project. 


I feel another important point is how long will the IMS 
project last. At the time of Japan's proposal, it was stated 
that “to have an impact, the project should continue for 
at least 10 years,” but this must be an international 
decision. 


Other issues are how will the responsibility for funding 
be shared, what are ihe plans for disceminating results, 
and how to create a smooth transition period from test 
case to a full-scale project. 


Although in the reverse order, the concepts of the objec- 
tive and the fundamental philosophy of the IMS project 
must be organized. In fact, discussions on these issues 
have already taken place. While a portion is addressed in 
the statement of the Kyoto meeting explained earlier, the 
fundamental philosophy is being discussed and 
reviewed. This must be reconfirmed in the future. 


This work was launched in Kyoto and discussed in ITC 
5 and IIPRC 5 in a subcommittee base. A task force was 
also started at that time. Discussions by the task force 
will be held at the Sth International Steering Committee 
to be held this October in Canberra. 


The final evaluation of the test cases has begun under 
this structure. At the 6th International Steering Com- 
mittee meeting slated for January of next year, all of the 
discussions will be compiled and advice will he given on 
full-scale implementations. I believe the final phase for 
building the framework for full-scale projects has 
arrived. 


Chair: What will the procedure be when the feasibility 
study ends? 


Andachi: Work on the test cases will end in February. 
And based on the results of the feasibility study available 
in January, a final report for full-scale research will be 
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presented. The procedures for the participation of each 
country will be based on this final report. When this 
ends, work for beginning the full-scale program in April 
will go into action. The appeal for applications for 
themes for full-scale research will go out in the summer. 
This will probably continue from early fall to winter. The 
tentative schedule is for final selections and decisions to 
be at the beginning of the year, which I believe is 
appropriate, followed by selections of proposals for the 
first fiscal year, then each consortium will begin 


research. 


Chair: Thank you. 


Mr. Andachi has indicated several points that must be 
studied in the future. | think each one is important. For 
the IMS project to be understood and promoted, the 
objectives of the IMS project not only have to be 
understood by Japan, but must be understood by each 
country that will participate or wishes to participate. 


I believe the objective will become clearer in the future, 
but please tell us what kind of studies the current 


International Steering Committee is carrying out? 


The Meaning of the IMS Project 


Andachi: | will relate the confusion I felt as a secretariat. 
A portion of the objectives pursued by the IMS project 
was briefly introduced in the Kyoto statement touched 
on earlier. Although the reasons given were global envi- 
ronmental problems, efficient use of natural resources, 
and working life, current actions address shared interna- 
tional problems which directly descend from measures 
for improving the quality of industria! life, addressing 
the globalization of manufacturing activities, and the 
intellectual system connected to inventions. These are 


summarized in one paragraph 


For example, in relation to “improving the quality of 
work ing life,” it is often said in Japan that “young people 
are estranged from manufacturing.” While the factory 
workers themselves hate the dangerous, dirty, and 
demanding work, with the current sluggish economy, 
this is no longer the case, but it is a mid- and long-term 
phenomenon. Recently students in scientific fields have 
been slowly returning but it’s been emphasized that they 
do not always aim for manufacturing. However, this 


seems to be a global problem. 


Therefore, the opening of the Kyoto statement that 
asserts “manufacturing requires creative people who are 
its principal wealth, and the establishment of a sound 
foundation for economic growth” is a starting point for 
the fundamental concepts of the regions participating in 
the creation of the IMS project. The common issues are 
to again recognize the importance of making things and 
how to skillfully develop this. When the position of the 
IMS project is viewed from Japan's perspective, the 
Japanese government's perspective rather than every- 
one’s objectives, given the tense trade friction, each 
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country is in a bind in reiation to next-generation man- 
ufacturing technology and are in conflict. I don’t think 
this friction will be resolved. 


Maior points of the friction problem are the trade 
imbalance and the imbalance in income and expendi- 
tures. Perhaps, friction will not end even when these 
imbalances are eliminated. On a micro level, they will 
not be eliminated if the proper measures are not taken. 
In the pursuit of more harmonious relationships, there ts 
no mistake that the trend must be to share next- 
generation manufacturing technologies and to work 
together beginning at the development phase. Through 
the participation of eac!: country in the IMS project, an 
important issue 1s gaining sympathy and understanding 
concerning ideas on the variety of manufacturing poli- 
cies from the United States and other countries. 
Although this may be a biased view, this is how I feel. 


Also, the objectives of the Kyoto statement include 
global environmental problems and the efficient use of 
resources as shared problems. The point of view of how 
to rationalize global environmental problems and energy 
use in IMS discussions were not in the initial phase. But 
1 feel this point occupies more weight recently. The 
addition of clean manufacturing is not a unique phenom- 
enon. 


Outside of points touched on lightly in the Kyoto state- 
ment, naturally, a major issue is how to technically 
address problems shared worldwide on a basic level to 
respond to the diversification of needs on the demand 
side. Isn't it crucial to wrestie with internationally shared 
problems including this one? For the most part, this will 
be adapted in the discussions. 


Ohno: The full-scale program will probably be realized as 
prescribed in the Kyoto statement discussed earlier. As 
one vision, the Kyoto statement is a very clear expres- 
sion since it is valuable to everyone and specifically 
relates to how to execute this vision. Various technolo- 
gies are emerging just to tackle current global environ- 
mental problems. Since each country worked separately, 
only its own situation is considered. However, with 
environmental problems, if China uses coal, the pollu- 
tion comes here. As a result, global thinking is truly a 
necessity. It 1s important for IMS to clearly state how to 
organize the objectives for various possible technologies. 
Since the full-scale program will last 10 years or some 
very long period, this will not be “simply practice for 
international cooperation” as in this feasibility study 
and results will be demanded. Given this context, 
because people from all over the world are gathered, 
expenses are paid, and labor is offered, I feel the main 
questions are do the results meet the objectives of the 
Kyoto statement and do they benefit people and the 
world. 


Specifically, centering on the current six regions or each 
participating country and region, as stated earlier, the 
problem is how will other regions enter. In the end, the 
ideal is for the whole world to participate in the planning 


and for everyone involved with planning in the manu- 
facturing world to participate, but when will this step be 
adopted. 


The current situation of the increasing gap for many 
developing countries, especrally in our Asian region, and 
advancing international cooperation is difficult. This 
type of problem will be more evident in the 21st century. 
Environmental problems or problems of resource utili- 
zation must be considered. 


Chair: Professor Furukawa, what do you think? 


Furukawa: Since I work at a university, I've been asked 
innumerable times “first of all, what is IMS?” At those 
times, I responded to make them consider the following. 
When IMS is intelligent in a scholarly or technical sense, 
it becomes a world with a very narrow meaning and will 
be limited to research and development fields. In fact, 
however, as Mr. Andachi stated, IMS 1s a comprehensive 
program or project. Please understand the reason for not 
specifying its content. 


I truly admire the leadership at MITI. At the time Japan 
initially proposed IMS, Europe made the counterpro- 
posal of the Future Generation Manufacturing System 
(FGMS) and the United States made the counterpro- 
posal of Advanced Manufacturing, namely, advanced 
manufacturing systems. As program names go, their 
names are better, more inclusive. In the end, the IMS 
name remained and it not only involves research, but 
you should understand it remains as a project and the 
project name. 


When asked how this has changed over these five years, 
1 think in Japan's view the initial proposal related to 
isolated automated islands or what should be done about 
the alienation of young people from manufacturing 
industries. Then in the Terms of Reference of the feasi- 
bility study introduced earlier, participating countries 
will prevail based on manufacturing industries. 
Everyone will become winners. Finally, the future sum- 
marized in the Kyoto statement has manufacturing 
industry as the axis in possible future programs. The 
result is that environmental problems, human problems, 
societal problems, and natural resource problems will be 
considered. 


Considered in this way, from the initial proposal to 
today and into the future, the axis has the mainstay idea 
of increasing the overall wealth of humanity by having 
the manufacturing industry become less selfish. All of 
the countries currently participating share this under- 
standing. The remarkable aspect is the agreement to 
mutually share technology to support manufacturing 
industries. As Mr. Ohno stated, if this agreement 
expands to Asia’s newly industrializing economies 
(NIEs) or expands to other regions, it would be quite 
remarkable. 


Incidentally, a proposal of Mr. Harmon, a member of 
ITC, is to create an event that resembles the Interna- 
tional Manufacturing Forum. That ts, this 1s connected 
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to formally establishing a place for exchanging technical 
knowledge. Not only Japan, but if people from all over 
the world understand, | expect it to be connected to the 
development of solid manufacturing industries. 


Andachi: I would like to comment about the expansion 
of participating countries. Although in theory the whole 
world will be covered, the IMS project must produce 
decent results. Although this is a little off the topic, when 
considering that careful attention must be paid to how to 
manage the presentation of these results, occasionally in 
my previous job, I created legislation for large-scale 
regional promotion for facilities in regional base munic- 
ipalities. This was limited to the participation of six 
agencies and ministries, not six regions. In fact, the ideal 
is for the whole government to be involved, but projects 
where almost all the agencies and ministries participate 
did not work. The general idea we held was to approve 
participation in response to the contribution. 


Therefore, the leadership role mentioned earlier 1s a 
delicate problem of which ministry will be the leader. 
This is also the role of a convenient arranger, an anchor, 
and a contact point. Well, the argument ts who will it be. 


This is very domestic, but the international politics has 
an unusually domestic nature. Participation from areas 
outside the six regions will have its own brand of 
excellence and we must look at the contributions for 
producing results in this case. The two problems of least 
developed countries (LDC) are the problem of how 
should LDCs be included in collaborative research and 
the problem of generous technology transfer for making 
objects. When these become confused, skillful manage- 
ment of collaborative research is not carried out. Cer- 
tainly, the ideal was very high, but results were not 
offered and no work was accomplished. As we enter the 
phase of rapidly pursuing results in full-scale research, 
the important points become how to differentiate 
between these two problems and the problem of man- 
aging the return of the results. 


Furukawa: Without a doubt, there is a gap between the 
ideal and reality. The reality in the first principle is the 
project must proceed successfully. The second principle 
is there must be merit to a participant's participation. 
Ideally, the output of results should lead to technology 
transfer to developing countries. Tacit understandings or 
points that have emerged in the discussion have been the 
problems ranging from funding responsibility to man- 
aging intellectual property rights at the present techno- 
logical level or international cooperation level of the 
participating countries. I believe the expression in Mr. 
Andachi’s words is “obtaining a balance.”’ The under- 
standing reached was if the range of the participating 
countries is constricted by the word “equality,” there 
will be no real progress. 


Thus, if a more realistic interpretation is made, there is 
a need to understand what will be the criteria, for 
example, at the Organization for Economic Cooperation 
and Development (OECD) level. Another problem ts 
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how to transfer the output. As Mr. Andachi states, this 
becomes confused and incoherent and nothing happens. 


Ohno: But I think the latter type of transfer must occur to 
some degree. 


Furukawa: Yes, that’s true. 


Andachi: From our perspective as amateurs, technology 
transfer has sharp reverberations. However, when tech- 
nology is transferred to some countries, a real problem is 
the almost total absence of translations in the local 
language of ordinary technical books found in Japan's 
bookstores. Translating basic technical books takes time 
and effort. We must begin by addressing how to carry out 
this task. Although words are fine, in reality a great deal 
of slow but sure effort is needed. 


Although the technology transfer problem is not com- 
pletely resolved in the IMS system, in my view as an 
amateur, it 1s probably included in various other activi- 
ties and 1s moved forward by one or two steps. 


Furukawa: Therefore, when the promotion is not very 
conservative, problems occur. A main problem of IMS ts 
promoting “technical innovation in manufacturing tech- 
nology.”’ The participating countries are aware that “‘cur- 
rent technology must be standardized in order to pro- 
mote technical innovation.” The view taken 1s “if the 
participants standardize, this would also be useful to 
developing countries like NIEs and becomes a merit.” 
However, if the standards are overspecilied, when 
looked at from the perspective of the developing coun- 
tries, “standards are the logic of the strong.”’ However, 
participating countries have emphasized that this is not 
so. Furthermore, the issue raised by Mr. Ohno was 
technical knowledge must be adjusted for standardiza- 
tion. A methodology for adjusting is needed to achieve 
this. This logic was required in the Gnosis test case. Well, 
I think it is difficult to gauge how useful the knowledge 
system advanced under Gnosis will be to developing 
countries. 


Ohno: As you say, the problem of developing countries is 
serious. 


I bei.cve Professor Furukawa said earlier that the theme 
must include more human factors. These kinds of prob- 
lems are the problem of the awareness of the people 
working at actual sites in each country and various 
environmental problems which differ between the par- 
ticipating regions. In addition, the greater differences 
between developing countries have not appeared at the 
surface. This is definitely a serious issue. 


Andachi: Although this may be a little premature, six 
regions are not seven or eight. Korea or Singapore should 
be included based on the circumstances of each project. 
Other participants endorse the consortium structure. In 
addition, with the preconditions of no problems tn the 
country’s handling of intellectual property and mutual 
consent under common rules, a country can enter as a 
partner in a project. 
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Chair: In the proposal made four years ago by Japan, the 
field was limited to processing and assembly in the 
manufacturing industry. Current actions cover a wide 
field in the manufacturing world, specifically, the man- 
ufacturing world is the world’s economic development 
base. The important objective offered is the connection 
to the happiness of all of humanity. If this is so, the 
number of participants will increase and the ideal will be 
to have as many people as possible participate. 


As the IMS project finally goes into operation, there is a 
question about the themes of what fields will undergo 
research and development. Professor Furukawa, what is 
being discussed in the International Technical Com- 
mittee? 


Furukawa: At the International Technical Committee, 
the so-called technical fields are called technical themes. 
A few discussions covered them during the Sydney 
meeting in February and they were fundamental con- 
cepts in Vancouver in July. Since Canada was the 
sponsoring country, Canadian committee members gath- 
ered in Vancouver and summarized the proposal and 
concepts for the first phase. We argued over telephones 
and faxes on what will be the technical themes proposed 
at the final technical committee meeting in December 
based on the proposal at that time. 


While I can’t give details at this time, I can slightly 
clarify why IMS involves the collaboration of three or 
more countries. Research themes needed in the collabo- 
ration of three of more countries are obvious. If the 
collaboration is between two companies or two coun- 
tries, different methods are used. For three or more 
countries, as Mr. Ohno stated, we must know what the 
research issues are for industry that must be advanced 
when corporations, research laboratories, and universi- 
ties participate. If the full-scale program is skillfully 
started, this probably becomes the most important dec!- 
sion standard. Although this is my personal view, actions 
involving multiple countries return in the end to global 
environmental problems that are currently a topic of 
discussion. I think it’s dangerous to rush there immedi- 
ately. Since this is a major barrier, it is important to have 
this as the axis. Since everyone in manufacturing indus- 
tries works on environmental problems, what 1s the 
purpose for the participants working hard and taking 
risks. It is important for research themes centered on 
manufacturing industries to benefit the participants, 
participating countries, and people all over the world. 


In this context, the six technical themes in the feasibility 
study proposed originally are without a doubt important 
areas. In addition, several fields requiring new interna- 
tional cooperation will appear. 


Manufacturing Systems of the 21st Century 


Chair: Today Mr. Ohno is the only participant from the 
private sector, so what fields in IMS interest the private 
sector in particular? 


Ohno: As Professor Furukawa stated, the problem ts 
what should be the future of manufacturing or the 
manufacturing industry. The expectation is the direc- 
tions for finding solutions in the IMS project can evolve. 
Rather, everyone will discover them together. Since the 
manufacturing industry covers a broad range like elec- 
tronics manufacturers like us, the automobile indusiry, 
the construction industry, and chemical piants. The 
common problems among them must be constricted to 
some degree. As the Professor stated, these will become 
the themes for this feasibility study. 


When we consider the manufacturing industries of the 
21st century, a variety of problems emerge. It's said this 
is the era of the paradigm shift. In these times, while 
giving substance to the spirit of the Kyoto statement, the 
manufacturing industry must carry out this shift. | would 
like to expect this to be a major guidepost. This means 
the benefits to humanity and society and the global 
environment are the backbone. Since these are surely 
newspaper headlines, we must consider what kind of 
technologies to have in order for these breakthroughs to 
be drawn out or invented. At this pornt, it is not clear to 
me, whether related leading technologies will be per- 
formed here or whether they will be gathered from other 
places and applied. | believe both ways are good. Each 
leading technology already exists at universities and 
research organizations, so academic meetings and work 
will center around each one. Our most important ideal 1s 
to create a mechanism to contribute to the development 
of humanity and society through our manufacturing 
industries. 


These problems have been discussed a number of times 
before. Given these problems, how will the content of the 
program be created under this extraordinary vision? 
While 10 years has been suggested for the time period, I 
don't think these problems can be solved in 10 years. In 
fact, it’s important to have a system as soon as possible, 
however, even while saying this, I don’t see concrete 
results in three to five years. 


In the companies, some amount of money and people 
must be allocated for this purpose. Therefore, a concrete 
program must be further clarified in order to persuade 
within the companies. I would like IMS to develop while 
making this compromise. 


Chair: Thank you. 


I can't explain it well, but every activity in the world ts 
unusually global and we will dramatically change a few 
paradigms. A mechanism for collaborative research and 
development based on cooperation will be created and 
applied in the next century. This wiil be a major exper- 
iment this time, but if it is a success, not only manufac- 
turing fields, but the concept of the IMS project will 
become the model for international collaborative 
research in other fields. This would be great and I expect 
it to happen. 


As for the IMS Center, actions like the international 
feasibility study were introduced to a number of people 
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and the range of targets of the IMS project have widened. 
Through the participation of as many people as possible 
in the planning and international collaborative research 
and development, growth will occur. 


Thank you very much for taking time from your busy 
schedules to be here today. 


MITI Official on Mid-ierm Technology Outlook 
for Machine Tools 


94FE0296B Tokyo KIKAI SHINKO in Japanese Nov 93 
pp 21-23 


{Article by Tetsu Yasui, Industrial Machinery Division, 
Machinery and Information Industries, Ministry of 
International Trade and Industry (MITI)] 


[Text] Japan’s machine tools industry has undertaken 
the development and manufacture of products which 
have numerical control systems incorporated into the 
machines themselves and are generaliy superior in terms 
of costs, plays an important role in improving the 
efficiency of manufacturing systems, and has even estab- 
lished pre-eminent global competitive strength. While 
considering the international situation, a future step 1s to 
develop measures to address specific changing needs and 
to bring about technical innovation. 


Trends in the Industrial Goods Industry 


The industrial goods industry that supplies capital 
goods, such as advanced function products like semicon- 
ductors and electronic devices for industry, advanced 
machine parts or machine tvols that require expertise. 
industrial robots, and semiconductor fabrication equip- 
ment, is expected to develop along with advances and 
improved efficiency in manufacturing technologies for 
essential industries and the growth of information, com- 
munication, and software systems industries not only in 
Japan but throughout the world. In addition. while 
overseas development in consumer goods assembly 
industry progresses, basically, an increase in the propor- 
tion of on-site self-subsistence 1s expected for parts and 
capital goods. While for advanced parts and capital 
goods that integrate advanced technology and expertise 
and software, activities are expected to continue in 
advanced manufacturing technologies for industrial 
property industry in Japan as domestic developments 
continue. 


Accompanying this development, Japan's industrial 
economy is expected to continue to convert to a 
domestic demand-driven structure. Also, when future 
international development of Japan’s industries ts sur- 
veyed, advances in specialization by international 
product differentiation and strengthening of interna- 
tional cooperation between corporations are anticipated 
with advanced countries like the United States and 
European countries. However, mutually dependent rela- 
tionships with the Asian region will proceed in invest- 
ments and trade through the development of specializa- 
tion between tasks and product specialization 
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1. Outlook 


While continuing to fundamentally rely on the demand 
of the consumer goods assembly industry that strength- 
ened international competitiveness through mass pro- 
duction technology and supporting active facilities 
investment and manufacturing management, the indus- 
trial goods industry that supplies capital goods, such as 
advanced function parts like semiconductors and indus- 
trial electronic devices, machine parts and machine tools 
that require technical expertise. industrial vbots, and 
semiconductor fabrication equipment, has advanced to 
this position by accumulating advanced techniques and 
technical skills, and supplying parts and capital goods of 
high quality and lower costs. 


In the future, Japan’s domestic industrial goods industry 
1s expected to continue to evolve (1) to address Japan's 
industrial economy in terms of societal needs like con- 
serving energy and preserving the environment, the 
supply of new advanced products and investments in 
new capital goods, (2) along with developments in the 
information, communication, and software systems 
industries, the demands of these fields are expected to 
increase, and (3) the need for capital goods investment 
and advanced function products that integrate advanced 
techniques, skills, and software will be fostered as over- 
seas investments in the consumer goods assembly 
industry expands. 


2. Issues 


From the perspective of maintaining a foundation for 
intermediate development of Japan's industries, the 
industrial goods industry will seek to supply advanced 
parts and capital goods that will be required by the 
consumer goods industry in a short delivery period, with 
high quality, and at low costs. 


In order to support creative innovation in Japan's indus- 
tries, (aicilities needed to build prototypes and mass 
produce advanced parts for newly designed parts and 
suitable products are being sought. This role 1s antict- 
pated in the imdustrial goods industry. To be able to 
respond to these kinds of high level demands, the inten- 
sification of technology must be planned 


Further, in response to environmental changes envel- 
oping Japan’s industnal economy and new societal 
needs, the industrial goods industry itself must earnestly 
develop advanced parts and equipment that integrate 
technology and software 


The industrial goods industry has often depended on 
expert technologies that have been accumulated, and this 
foundation must be strengthened. In the machine parts 
industry in particular, the manpower shortage, given the 
backdrop of the recent alienatioi: of young people from 
manufacturing industries, is worrisome 
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Expectations and Issues in Different Fields of the 
Industrial Goods Industry 


1. Semiconductors 


In the 1980s accompanying the developinents in manu- 
facturing technology and microfabrication technologies, 
Japan’s semiconductor industry maintained strong com- 
petitive strength centered on memory. However, the rise 
of Korea in the memory field and actions to maintain 
competitive strength by the United States, which main- 
tains strength in design and development, must be con- 
fronted. 


Today, as equipment investment and R&D investment 
costs become formidable, investment efficiency worsens 
and risks increase. To distribute these risks and effi- 
ciently allocate economic resources, encouraging inter- 
national collaborative relationships and taking actions to 
increase the added value of the products are expected. 
Additionally, an environment is expected to be provided 
to increase strength in unique design and development. 


From now on, the manufacturing scale of semiconductor 
integrated circuits is expected to expand with advances 
in information technology. There are also fields where 
rapid increases in demand are anticipated because of 
progress in the practical application of memory that uses 
new technologies, like the rapid expansion of flash 
memory and the creation of a system on a chip where 
integration on the chip takes place at a levei closer to the 
application level. These new fields will be energetically 
ventured into. 


2. Industrial Machines 


Previously, in the fields of various manufacturing equip- 
ment (industrial machines) such as machine tools and 
industrial robots, Japanese manufacturers endeavored to 
develop and manufacture products superior in cost and 
equipped with numerical control systems into the tool 
itself and played an important role in developing more 
efficient manufacturing systems, as well as establishing 
pre-eminent competitive strength worldwide. 


To accomplish integrated technical development that 
includes operation software to advance the systematiza- 
tion of manufacturing technologies, not only manufac- 
turers like industrial machine vendors (i.e., manufac- 
turers of machine tools and industrial robots and 
engineering corporations), but each industrial user (i.e., 
automotive, appliance, steel and iron, chemical) must 
cooperate to surmount the conventional frames of 
industry types and build new manufacturing systems. 


Technological power must be supported to continue to 
supply industrial machinery to address new problems 
confronting industry, such as investments in reducing 
labor to confront the manpower shortage and invest- 
ments for environmental conservation. 


Furthermore, in order to develop industries all over the 
world, it is important to supply hardware (machines) and 
software (people who are the guides) that support the 
industrial base. 


3. Machine Parts 


The machine parts industry is divided into (1) molding 
technology (metal dies and wooden molds), (2) parts 
processing (processing individual parts in the form of 
scrap, and iron and steel raw materials), and (3) parts 
assembly (individual parts are assembled in the assembly 
line). Until now, Japan’s machine parts industry pos- 
sessed these kinds of advanced parts processing function 
and supplied parts with high quality at low costs in short 
delivery periods for user manufacturing, and contributed 
to the establishment of competitive strength for the 
appropriate industries and maintaining the high func- 
tionality and reliability of the final products like auto- 
mobiles and appliances. 


In the future, Japan will supply advanced parts to foreign 
countries as the “third resource’ following iron 
resources and energy resources. By moving parts 
assembly overseas, Japan can contribute to the develop- 
ment of the global economy. Since many parts processes 
create parts with high added values by using scrap, such 
as scrap iron and recycled aluminum alloys as the raw 
material, contributions to solving recycling problems are 
expected. 


Also, by Japan’s industries designing creative innova- 
tions, the wooden molds and metal dies for manufac- 
turing prototypes or for mass producing newly designed 
products, and the supply of new products in a short time, 
with high quality, and at low costs are important. Sup- 
port and development of the machine parts industry are 
envisioned. 


On the other hand, to suitably address the difficulties of 
business succession like urbanization and problems with 
successors, in addition to the manpower shortage, envi- 
ronmental facilities and policies should probably be 
examined. 


Technology Trends in Machine Tools 


1. Environmental changes surrounding machine tools 


When the machine tools industry is considered as one 
field of the industrial goods industry, the whole manu- 
facturing industry that envelops machine tools is nearing 
a major technological turning point because of the fol- 
lowing environmental changes. 


(1) Compared to earlier systems, manufacturing systems 
will expand significantly. 


(i) The target will not only include the factory line, 
but design, prototype manufacturing, and management 
fields. 


(ii) Not only one business but multiple businesses, 
and not only manufacturing in Japan but in other 
countries must be targeted. 


(2) Manufacturing systems will depend on simple 
mechanical systems to human factors, i.e. organizational 
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theory, the shortage of skilled workers and craftsmen, 
and the inheritance of knowledge. 


(3) As for manufacturing systems, pursuing a compre- 
hensive economy is required that includes pursuing 
conventional productivity to considering the environ- 
ment and energy. 


2. Technology trends in machine tools 


Exact measures are being sought in the machine tools 
industry given the above environmental changes. From 
this viewpoint, the Ministry of International Trade and 
Industry is tackling the three major themes of R&D for 
manufacturing technology innovation, R&D on environ- 
ment supporting manufacturing technology, and social 
systems technology. 


(1) R&D for manufacturing technology innovation 


Next generation manufacturing technology is repre- 
sented by the Intelligent Manufacturing System (IMS) 
and micromachine technology. IMS is an international 
collaborative research program involving six countries 
and regions that will implement systems that integrate 
the whole manufacturing process at a high level and 
solve structural problems confronting manufacturing 
industries all over the world. Micromachine technology 
aims to develop micromachines that can perform precise 
and complex operations. 


(2) R&D on environment supporting manufacturing 
technology 


This involves R&D on the ecofactory and integrated 
recycling systems for cold waste material, low tempera- 
ture crushing. The ecofactory implements R&D for 
disassembling complex products and for resmelting tech- 
nology for the materials and is expected to build the 
backbone of a recycling society. 


(3) Social systems technology 


From the view of the objective of improving urban 
functions like distribution and municipal gas as repre- 
sented in deep underground development technology, 
technical developments are implemented to construct a 
deep dome-shaped space. 


IROFA Official on State of IMS Project 


94FE0296C Tokyo KIKAI SHINKO in Japanese Nov 93 
pp 24-32 


[Article by Toshihiko Noumi, director of research and 
development, IMS Promotion Center, International 
Robotics and Factory Automation Center (IROFA)] 


Introduction 


IMS, which is the acronym for Intelligent Manufacturing 
System, is the manufacturing system planned for the 21st 
century. The systematic framework to execute R&D on 
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the technologies required in IMS through international 
cooperation is called the IMS project. 


The need for the IMS project was advocated by Japan. 
Because of its international impact, under the auspices of 
the two ycar plan that began in February 1992, IMS’s 
international feasibility study was started by advanced 
countries. As one link in the study, six international 
collaborative research projects were implemented as the 
test cases. We are now approaching the final phase of the 
international feasibility study. Starting next year, the 
full-scale IMS project is expected to begin through inter- 
national cooperation. 


Based on this situation, I will present in this paper an 
overview of IMS and the IMS project and the current 
state of the international discussions. 


Environmental C oe Surrounding Manufacturing 
Technology and IM 


Through advances in manufacturing technology, the 
economy has soundly developed and people’s lives have 
been enriched. In this context, manufacturing can be 
thought of as the source of this wealth. 


Even in recent years, manufacturing technologies have 
advanced based on the automation of machine tools, the 
introduction of robots, and the practical application of 
information and communications technologies. More- 
over, improved manufacturability, improved quality 
and reliability, and advanced product functions were 
achieved. 


However, if we envision what future manufacturing 
technology should be, various structural changes will 
evolve in the environment surrounding manufacturing. 
Even in manufacturing technologies, measures to 
address the following environmental changes are 
required. 


1. Globalization of manufacturing 


To preserve the manufacturing base in regions where 
demand exists and to avoid the risks of monetary 
exchange in the manufacturing industries in advanced 
industrialized countries, cases of crossing national 
boundaries and mutually expanding into the factory sites 
are increasing. In planning for total optimization to be 
comprehensively applied to the global bases of each 
company in development, manufacture, distribution, 
and sales flow of products, these kinds of systems must 
be flexible in response to social and economic changes. 


2. Addressing global environmental problems 


As global environmental problems worsen, manufac- 
turing systems must possess energy and resource conser- 
vation. Therefore, besides energy conservation, resource 
conservation, and pollution measures in each factory, 
measures are needed that take a comprehensive perspec- 
tive in view of the complete product life cycle from 
product manufacturing to consumption and disposal. 
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3. Market expansion and more advanced and diverse 
consumer needs 


The business market of each country in the world 
extends into other countries and each business market is 
expanding into every region in the world. Therefore, 
from the perspective of product development and sales, 
consideration of the social and economic differeices of 
each region of the world are being pursued. Moreover, 
because consumer needs are becoming more advanced 
and diverse in each market throughout the world, 
improved product functions and quality, lower costs, 
rapid development of new products, and multi-product, 
small quantity mass production must respond to con- 
sumer needs. 


4. Changes in the labor market 


A manufacturing system operates to unify man and 
machine. In response to the cultural and social circum- 
stances of the regions where factories are located, man- 
machine systems must be built. In Japan, for example, to 
address the needs of workers seeking meaningful work 
and to address the alienation of young workers from 
manufacturing industries, dangerous, dirty, and 
demanding work is being mechanized and the role of 
human labor will be intellectual and humane. Because 
maintaining a skilled work force is difficult, technical 
skills need to be mechanized. 


5. The appearance of “automated islands” in the 
manufacturing industry 


To date, the results of advanced automation in each 
manufacturing process have not provided a satisfactory 
mechanical interface to manufacturing equipment and 
robots, thus leading to the appearance of automated 
islands. These circumstances also lead to the develop- 
ment of automation technologies by each vendor and 
user of manufacturing equipment. In the future, a com- 
prehensive system will be built to include the sales and 
distribution division, the development and design divi- 
sion, and the planning division for business strategy 
based on each manufacturing process in a factory. Infor- 
mation must be applied and it must cross divisions. 


To conquer these kinds of problems, the next-generation 
manufacturing system for the 21st century is a system 
that will design for the flexible integration and applica- 
tion of the total scope of business activities from the 
ordering to design, manufacture, and sales, and improve 
productivity while stimulating a variety of intellectual 
activities in the manufacturing industry and planning 
the fusion between intelligent machines and people. This 
is the Intelligent Manufacturing System. 


Three Viewpoints of IMS Development 


Since manufacturing technologies are the key to compet- 
itive strength in industry, independent developments in 
each corporation were treated as corporate secrets. Con- 
sequently, even manufacturing technologies had already 
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lost their competitive significance to certain corpora- 
tions, they were not conveyed as public knowledge and 
were often lost in product changes and manufacturing 
process changes. This kind of knowledge must be orga- 
nized and systematized, and be put to practical use as a 
common foundation for training the next generation 
technical workers and for technological development. 


The result of maintaining separate manufacturing tech- 
nologies at each corporation is the machines and infor- 
mation specifications differed with each user and 
vendor. Thus, a major problem is building a comprehen- 
sive manufacturing system integrating independent 
manufacturing equipment and information systems. 


Manufacturing technologies circulate through a pre- 
competitive phase that develops fundamental research, a 
phase where the competition between corporations 1s 
used, and a post-competitive phase in which the com- 
petitive significance of knowledge ends and it is shared 
in the industry. I believe there are many fields where 
cooperation not just competition between corporations 
is required. 


From this perspective, the technological development of 
IMS must establish a common fundamental technology 
that will become an asset of mankind and in a uniiied 
manner (1) organize and systematize knowledge, (2) 
develop next-generation technology, and (3) promote 
standardization. 


The IMS Development System 
IMS Project 


1. The importance of international collaborative 
research 


IMS is an integrated system of all corporate activities in 
the manufacturing industry. This system will expand 
worldwide accompanying the globalization of corporate 
activities. The technology to realize IMS, however, 
cannot be independently developed by one user of the 
manufacturing system or each vendor of manufacturing 
equipment. Technological development must proceed 
under the vertical cooperation between industries, that 1s 
vendors and users, and the horizontal cooperation 
among vendors and among users. In addition, since the 
technical content must be basic research that involves 
innovation in basic ideas on building a manufacturing 
system, cooperation from not only the industrial world, 
but from the academic world is required. 


Furthermore, cooperation is essential to tackle issues 
shared by manufacturing industries in advanced coun- 
tries, like global environmental problems and the global- 
ization of manufacturing. 


That is, it is essential to (1) have mutual pooling of the 
technologies that are the forte of each advanced country 
to enable depth in the research content and advanced 
manufacturing technology development; (2) avoid the 
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duplication of investment of development resources due 
to each country promoting independent technological 
development; and (3) conduct international planning of 
the basic technologies for manufacturing systems in 
supplying the machines that form the manufacturing 
system among advanced countries and international 
industrial collaboration within the same industry. There- 
fore, international cooperation is a basic element in IMS 
technological development. 


Given the above perspective, the IMS project, a next- 
generation manufacturing technology, must be imple- 
mented as an R&D program where the industrial and 
academic worlds of each advanced nation collaborate 
internationally. 


2. Features of the IMS Project 


Since the IMS project described above must proceed 
with widespread participation of the industrial and aca- 
demic worlds in each advanced country, characteristic 
features are expected from the viewpoint of international 
collaboration in the R&D system. Today, a specific 
system has not been determined because international 
discussion is underway. However, the following features 
are present in the test cases currently being implemented 
experimentally. 


(1) Widespread participation of advanced countries 


Currently, the feasibility study of the IMS project has 
proceeded with the participation of a total of six regions 
of the United States, the European Community (EC), 
Japan, Canada, Australia, and the European Free Trade 
Association (EFTA is comprised of five countries). In 
this way, this program will become multiple projects 
through widespread participation of each advanced 
country. 


(2) R&D by international consortia 


Multiple R&D projects are implemented under the IMS 
project, but each project is implemented as an interna- 
tional consortium formed by the applicants from corpo- 
rate, academic, and public research institutions in the six 
participating regions. In this kind of international con- 
sortium, the research direction of suitable R&D projects 
are studied by all of the participants. Each R&D problem 
of the project is assigned to a participant and the 
research is carried out. The result is more depth is given 
to the research content because of international studies. 


Therefore, this is not the mere exchange of information 
on research results, but the participants in an interna- 
tional consortium contribute to their mutual wisdom 
and have the objective of international cooperation in a 
form that advances rapidly and is unified from the 
planning of R&D to the implementation. 


(3) Independent theme selection 


The R&D .vsearch is implemented led by the industrial 
world in the IMS project. As a result, R&D problems 
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important to IMS are not assigned to each international 
consortium as research themes. The themes desired by 
each international consortium are independently 
selected from technological fields important to IMS, 
then the R&D project is planned. 


(4) International research management 


The R&D projects implemented under the IMS project 
are advertised and selections are made from submissions 
to the international consortium. After the selection, 
evaluations are performed. Research management such 
as selection and evaluation are carried out with interna- 
tional cooperation. 


Consequently, one feature of the IMS project is interna- 
tional cooperation in research management, such as 
establishing international committees and cooperating 
among the regional secretariats. 


(5) Funding responsibility by region 


In the current test cases, the funding responsibility for 
R&D and research management is performed by each 
participant, although assistance through public funding 
in each participating region is expected. In relation to the 
test cases, assistance funds are spent from existing public 
funds in Japan and Europe, even in this case, the target 
for assistance is restricted to regional participants. The 
system adopted places the responsibility for funding in 
each region. Future funding responsibility 1s currently 
being studied and the idea of regional funding responsi- 
bility has a high probability of continuing. 


(6) Forming rules on handling intellectual property rights 


The handling of international property rights (IPR) must 
be agreed on beforehand when carrying out international 
collaborative research. Mutual agreements are deter- 
mined beforehand among the participants in each inter- 
national consortium. Further, the content of this agree- 
ment fulfills a few conditions of the IMS project. The 
most important one is the principle that the results 
obtained in collaborative research and intellectual prop- 
erty rights are royalty free to the participants in an 
international consortium. In this way, the realization of 
collaborative research is expected. 


The Course of IMS Project Studies 


1. Japan's proposal of the IMS project 


The proposal was made in July 1989 at an FA vision 
meeting. Manufacturing technology evolving from FA to 
CIM must be developed in IMS for the 21st century 
Together with performing collaborative research of IMS 
technology through international cooperation, by sys- 
tematizing and standardizing IMS technology and dis- 
seminating it worldwide, Japan demonstrated the need 
for international contributions. 


Taking this opportunity to move towards realizing the 
IMS project concept in Japan, a study of the IMS 
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concept and content and a study of the project for this 
collaborative research were undertaken. 


Japan compiled these results in the proposal for the IMS 
international collaborative research program in January, 
1990, and then invited corporations and universities in 
the United States and Europe to participate in this 
program. 


However, Europe and the United States were concerned 
about individual participation of corporations and uni- 
versities in a program planned in Japan. Therefore, 
Japan, the United States, and Europe consulted one 
another on the necessity for the IMS project and what 
the IMS project should be. 


2. Studies by trilateral meetings between Japan, the 
United States, and Europe 


Based on the above situation, the management of the 
IMS project was examined by the Ministry of Interna- 
tional Trade and Industry in Japan, the Department of 
Commerce in the United States, and the 1 3th Secretariat 
of the EC Committee in Europe and two trilateral 
meetings were held in May and November 1990. 


In the trilateral meetings, agreements were reached by 
the three sides on issues such as the system for imple- 
menting the IMS project, technology development 
themes, intellectual property rights, and funding respon- 
sibility. Moreover, this became an opportunity to create 
a framework for international cooperation including not 
only research and development, but research manage- 
ment. Additionally, the international feasibility study is 
implemented before the full-scale IMS project. Canada, 
Australia, and EFTA agreed to participate in this feasi- 
bility study. 


The Terms of Reference that stipulates the framework 
for implementing the international feasibility study was 
created in 1991. Preparations proceeded for the feasi- 
bility study such as the structure and decisions on the 
membership of international committees. 


3. Preparing a domestic promotion system— 
Establishing the IMS Center 


On | April 1990, the IMS Center was established as the 
core organization for promoting the IMS project in 
Japan in the International Robotics and Factory Auto- 
mation Center (IROFA). The IMS Center is operated by 
membership fees (about ¥ 800 million) from 65 corpo- 
rate members participating in R&D, and 17 supporting 
corporate members not participating in R&D but guar- 
anteed the use of research results and offered informa- 
tion, trust money (¥ 180 million in 1993) and subsidies 
(¥ 930 million in 1993) from the government. Its func- 
tions include (1) to gather the opinions of the members 
about international discussions related to IMS and sup- 
port MITI, (2) to promote IMS R&D by commissioning 
groups of core domestic members and academic mem- 
bers (researchers in the academic world cooperating in 


IMS’s implementation), and (3) to survey technological 
trends related to these and devise ways to exchange 
information with organizations abroad. 


To achieve this, each type of committee is being set up 
beginning with the promotion committee (chaired by 
Hiroyuki Yoshigawa, current president of the University 
of Tokyo) to implement (1) above in another secretariat 
in the IMS Center. 


In the R&D area, along with performing advance surveys 
on five fields in 1990, advance research on about 20 
themes have been implemented in Japan since 1991. 
Beginning in 1992, the targets were expanded in the 
R&D commissioned to groups participating in the inter- 
national test cases that act as one link in international 
feasibility study. As a result, the R&D operating 
expenses for 1993 was about ¥ 1.6 billion. 


Current State of the International Feasibility Study 


1. Objectives and overview of the international 
feasibility study 


The international feasibility study began in February 
1992 and is expected to take two years in order to study 
IMS’s international cooperation framework. Its imple- 
mentation system places the International Technical 
Committee (ITC) for examining technical issues and the 
International Intellectual Property Rights Committee 
(IIPRC) for examining the management of intellectual 
property rights (IPR) under the International Steering 
Committee (ISC) which is the highest decision-making 
body. Representatives from industry, academia, and 
government from the six participating regions of Japan, 
the United States, the EC, Canada, Australia, and EFTA 
are participating as members. 


The content of the international feasibility study is 
roughly divided into two parts. 


The first is to examine the following four points for the 
future IMS project. 


(1) System for implementing international cooperation 
like qualifications for participating in the program, and 
the structure and role of the committee 


(2) Evaluation of the target technical fields and R&D 
projects, and selection standards 


(3) Funding responsibility system 
(4) Rules on managing intellectual property rights 


The other part is to implement actual test cases as R&D 
projects by international consortia, accumulate experi- 
ence on managing research, for instance, soliciting and 
selecting themes, and implementing R&D. These expe- 
riences will be reflected in studies on how the program 
should be conducted in the future. 
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The feasibility study is being promoted based on the 
following principles in this kind of international cooper- 
ation. The agreed upon items are (1) the benefits 
obtained from contributions and cooperation in interna- 
tional cooperation are equitably balanced, (2) the collab- 
orative projects are related to industry, and (3) the 
results of collaborative research are shared. 


2. International feasibility study schedule 


The first year of the two year feasibility study is used 
primarily to examine the requirements for the test cases 
and to solicit and select projects. The second year is used 
to evaluate these test cases, examine the operation of the 
future program, and collect reports. 


To introduce the general flow of the specific schedule, 
the study process and the future schedule in the Interna- 
tional Steering Committee are given below. 


Study Schedule of the International Steering Committee 


February 24-25, 1992, Toronto—First International 
Steering Committee (ISC 1) 


The decision to implement the feasibility study of the 
IMS project as follows: 


¢ Participants: Japan, the United States, EC, EFTA, 
Australia, Canada 

¢ Management organization: The International 
Steering Committee (ISC) is the highest decision- 
making body. The two committees of the Interna- 
tional Technical Committee (ITC) and the Interna- 
tional Intellectual Property Rights Committee 
(IIPRC) are established under it to undertake special- 
ized studies. 

¢ Duration: Two years (until February 1994) 

¢ Based on the evaluations of the committees in the 
feasibility study, test cases are implemented as con- 
crete international collaborative research projects. 


July 20-21, 1992, Stockholm and Helsinki—Second 
International Steering Committee (ISC 2) 


Adopt guidelines concerning technical issues of the test 
cases and intellectual property. Begin soliciting partici- 
pants for the consortium involved in the test cases. 


December 3-4, 1992, Venice—Third International 
Steering Committee (ISC 3) 


Investigate the proposals of each international consor- 
tium to select the test cases that should be implemented. 


January 26 and 29, 1993—Teleconference of represen- 
tatives of the International Steering Committee 


Final investigation carried out on proposed revisions to 
the test cases. Six test cases are selected. 


April 5-6, 1993, Kyoto—Fourth International Steering 
Committee (ISC 4) 
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Interim reviews of test cases are already underway. 
Along with beginning studies related to the future IMS 
project, ITC members and IIPRC members are added to 
the task force set up in ISC to perform an in-depth study. 


October 28-29, 1993, Canberra—Fifth International 
Steering Committee (ISC 5), scheduled 


In-depth study of the future IMS project and study of the 
system were published in the final report and schedule. 


January 25-26, 1994, Hawaii—Sixth International 
Steering Committee (ISC 6), scheduled 


Final report published. 


In this schedule the International Technical Committee 
(ITC) and International Intellectual Property Rights 
Committee (IIPRC) have already met five times and will 
meet once in December for a total of six meetings. 
Subgroups are set up in each committee and focused 
discussions are taking place. 


3. Selection and implementation of test cases 


When the International Steering Committee solicited 
test cases last July, applications were received from 11 
international consortia. Six projects were selected as test 
cases by each international committee based on the 
results of examining the technical content, IPR agree- 
ment content, and consortium participants. 


The themes were as follows: 


(1) Clean manufacturing in the process industry (Japan, 
EC, EFTA, the United States, and Canada are partici- 
pating.) 


(2) Global concurrent engineering (Technology to build 
simultaneously and in parallel a product development 
and manufacturing system on a global scale. The EC, the 
United States, and Canada are participating.) 


(3) Enterprise integration for global manufacturing 
toward the 2Ist century (Japan, EC, EFTA, the United 
States, Australia, and Canada are participating.) 


(4) Holonic manufacturing systems (This is an autono- 
mous, distributed manufacturing system. Japan, EC, 
EFTA, the United States, Australia, and Canada are 
participating.) 


(5) Rapid product development (EC, the United States, 
Australia, and Canada are participating.) 


(6) Knowledge systematization: configuration system for 
design and manufacturing (Japan, EC, EFTA, the United 
States, and Canada are participating.) 


The number of corporations, universities, and public 
research institutes participating in the six test cases totals 
about 140; this demonstrates that international interest 
in IMS is high. 


These projects launched R&D after final selections were 
made in January of this year and intra-regional (within 
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each country) and inter-regional (international) cooper- 
ation will continue to be developed through meetings 
and the allocation of tasks in all of the consortia. Each 
consortium deepens the research content by becoming 
an organization consisting of participating organiza- 
tions, like corporations and universities, that are organi- 
zationally and culturally diverse. To enable each inter- 
national research collaboration to continue in the future 
between participating researchers, expectations are high 
for implementing the future program. 


4. Directions of discussions on the future program 


Since international test cases were selected in January of 
this year, full-fledged discussions on how the future 
program should be implemented took place after the 4th 
International Steering Committee held this April in 
Kyoto. 


The Kyoto statement included the following: 


¢ Actions must address common international prob- 
lems related to manufacturing. 

¢ Final recommendations on full-scale research will be 
released early in 1994. And based on these recom- 
mendations, decisions are expected on the participa- 
tion of each region in the full-scale program. 


The recommendations in the Kyoto statement will 
become one part of the final scheduled report of the 
feasibility study to be compiled at the 6th International 
Steering Committee to be held next year at the end of 
January. During the period remaining until the end of 
January, the task of collecting the opinions of each 
region (each country) on the issues of the system for 
implementing the future program and technical themes 
will be energetically carried out. 


To do this, subgroups will be set up in each international 
committee of ISC, ITC, and IIPRC to focus on dis- 
cussing special issues. The current situation is opinions 
are being exchanged internationally by fax between these 


groups. 


Because the opinions of each country are very construc- 
tive, the specific content of the future program is not 
determined, but improvements are added to the test case 
strategy and the strategy that produces results from 
international collaborative research is expected to be 
built without posing any obstacles. 


Future Development of the IMS Project 


In the final scheduled report of the international feasi- 
bility study to be compiled in January next year, the 
report will include the results of the study of specific 
content related to how the IMS project should be exe- 
cuted and the recommendations on how that kind of 
program should be carried out with international coop- 
eration. 


In each region (each country) that receives this report, 
final decisions will be made by the appropriate parties 
concerned with implementing the IMS project. 
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Later, as during the test case, R&D projects will be 
solicited and selected by the international consortia and 
full-scale R&D on international IMS will begin. 


The six cases currently underway are expected to become 
full-scale projects. In addition to the test cases, new R&D 
projects will gradually be selected. It is possible that new 
participants will be added to the structure of the inter- 
national consortium of each test case. 


In this context, even Japanese corporations and univer- 
sities are expected to actively participate in the full-scale 
collaborative research of the IMS project by (1) moving 
to the full-scale R&D projects of the four test cases in 
which Japan is participating, (2) new participation in 
two test cases in which Japan is not participating, (3) 
moving domestic advanced research that have been 
underway to international projects, and (4) participating 
in new R&D projects proposed by other countries. 


A great deal of time was required to create an interna- 
tional framework because the IMS project will become 
an international collaboration that involves more inter- 
national research cooperation than before in the plan- 
ning and allotment of tasks in R&D by international 
consortia, and international cooperation will be up to 
research management on theme selection and evalua- 
tion. However, as described earlier, next year’s situation 
is expected to become the implementation of full-scale 
international research cooperation. The result of the 
efforts of many people from all over the world over a 
long time is now beginning to be realized. 


Patent Office Official on IMS Intellectual 
Property Rights Guidelines 


94FE0296D Tokyo KIKAI SHINKO in Japanese 
Nov 93 pp 33-38 


[Article by Naoya Oku, Third Import Inspection Depart- 
ment, Patent Office, Ministry of International Trade and 
Industry (MITI)] 


[Text] 


Introduction 


Over the 110 years since the signing of the Paris Con- 
vention for the Protection of Industrial Property, inter- 
national protection of industrial property rights has 
basically been governed by the Paris Convention. The 
possession, protection, and use of inventions that will 
result from IMS projects were studied founded on the 
basic ideas of the Paris Convention of (1) the principle of 
the equality of one’s own nationals and the nationals of 
other countries, (2) the first-to-claim system, and (3) the 
independence of the patents of each country. The Intel- 
lectual Property Rights (IPR) guidelines were adopted 
for minimum guidance. The IPR guidelines are the 
international IPR guidelines in the R&D test cases 
adopted for use in previous test cases. Currently, reviews 
are underway to create IPR guidelines for the full-scale 
program slated to start in the fall of 1994. However, 
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there are no other examples for establishing guidelines 
related to IPR protection in multiple international col- 
laborative research. As the internationalization of col- 
laborative research progresses not only in the manufac- 
turing industry but in a variety of fields, lessons are being 
learned on the increasing importance of protecting intel- 
lectual property rights and an outline of IPR guidelines 
will be presented for future reference. 


The Path to Adopting IPR Guidelines 


1. Previous protection of intellectual property rights in 
international collaborative research 


Obvious examples of international collaborative R&D 
are in Europe. For example, there are the EUREKA 
program, ESPRIT (European Strategic Program for 
Research and Development in Information Technology), 
RACE (Research on Advanced Communication in 
Europe), and JRITE (Basic Research on Industrial Tech- 
nology in Europe). In Japan, there is the example of the 
International Superconductivity Technology Center. 


The results of the EUREKA and ESPRIT programs are 
owned by the participating corporations or research 
institutes involved in the collaborative research. The 
government of each country that provided supporting 
funds and the EC committee do not own the results. In 
addition, ownership is determined by contracts between 
participants in collaborative research. 


As for managing R&D results when the EC provides 
R&D supporting funds to corporations, the provisions 
are altered in various ways at the start of R&D by the EC 
committee and the corporations, but the EC committee 
officially published a standard contract model and is 
promoting its practical use. 


On the other hand, the research results of the Interna- 
tional Superconductivity Technology Center were all 
owned by the Center or the Center owned 50 percent and 
the corporation employing the researchers owned 50 
percent. 


2. Point of view of a study on creating basic principles 
related to IMS results 


Before the IPR guidelines were created to manage the 
results of IMS, basic principles from each position were 
proposed. The following are points that must be studied 
as the basic principles Japan must emphasize concerning 
intellectual property rights that arise in the IMS project. 


(1) The ownership of rights related to IMS research 
results, including the know-how, shall be decided while 
respecting the extent of the contribution by the 
researchers. 


(2) The registration and protection of rights shall be in 
accordance with laws established with respect to the 
nature of the rights. 
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(3) By guaranteeing inventor's rights, preferential access 
of IMS research results immediately after development 
shall be possible. In addition, access to research results 
by people not participating in IMS shall be guaranteed. 


(4) IMS research results, with the exception of know- 
how, shall be widely disseminated with suitable timing. 


3. Comparison with the EC’s plan 


In creating IPR guidelines for managing IMS research 
results, the basic principles proposed by Japan are based 
on the viewpoint expressed in section 2. International 
collaborative R&D proposed in Europe, specifically, the 
EC, and the major differences are given below. These 
differences have been satisfactorily studied for creating 
and adopting the IPR guidelines. 


(1) Concerning the rights of people who own a share of 
the results, agreement from other owners is obtained in 
the Japanese plan and licenses for third parties can be 
approved. In the EC plan, if ““Make use as its own” is 
included in the approval of licenses for third parties, it 
violates Clause 73, Item 3 of the Patent Act. 


(2) Concerning the implementation of the results, partic- 
ipants in the same consortium in the Japanese plan are 
given the royalty-free licenses only when there are no 
special procedures. While in the EC plan, licenses are 
given royalty free to parties who have made significant 
contributions to the project. However, there is the 
problem of balancing participants in the same consor- 
tium. Additionally, when business interests conflict for 
project participants, consent for licenses can be rejected. 


(3) Related to the implementation of results in the R&D 
objectives, Clause 69 of the Patent Act, which states 
“The validity of patent rights does not extend to the 
implementation of patent inventions for experiments or 
research,” was not based on a special stipulation in the 
Japanese plan. While in the EC plan, royalty-free licenses 
are granted to participants in the same consortium. 
Although this is not a point of contention, licensing fees 
are applied to project participants outside the same 
consortium. Conflict arises in the Japanese situation 
where royalty-free licensing is available even to non- 
participants. Similar to the stipulation in (2), even con- 
sent to project participants for licensing can be rejected 
when there is a conflict with major business interests. 


(4) The Japanese plan does not contain any specific 
provisions to manage existing information. The EC plan 
stipulates permission for usage under the scope and 
range agreed upon in the consortium. 


(5) To protect the results, when the application rights 
were waived in the EC plan, the application rights can be 
protected if a participant participates in all of the appro- 
priate research activities. Namely, ownership itself is 
changed. 


(6) To establish a committee to manage disputes and 
results, the Japanese plan proposed establishing one in 
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each region. The EC plan did not specify anything in 
particular and is based on meetings between concerned 
parties. 


4. The path to create IPR guidelines 


IPR guidelines will be devised after adequate studies and 
negotiations on the basic principles proposed by Japan, 
the EC, and the United States. The draft is based on the 
proposal from Japan. Examination of this draft pro- 
ceeded in the International Intellectual Property Rights 
Committee. The first IPRC meeting (held June 1991 in 
Tokyo) gathered the opinions from each region. The 
second IIPRC (held July 1992 in Brussels) saw the 
tentative completion of the “International Cooperation 
in Advanced Manufacturing IPR Guidelines for R&D 
Test Cases during the Feasibility Study.” 


The members of the IIPRC from each region are listed 
below. 


International Intellectual Property Rights Committee 
Roster 


(Australia) Mr. Paul Armarego, head public prosecutor, 
Ministry of Justice; Ms. Karen Bradshaw, AOTC lawyer; 
Dr. Terry Harders, CSIRO 


(Canada) Mr. Robert A. Ferchat, CEO, Canada Nuclear 
Power; Dr. Arthur Catry, professor, Waterloo Univer- 
sity; Mr. Stuart C. McCormack, lawyer, Stikeman Elliot 
Law Firm 


(Europe) Mr. Anthony Parry, British Aerospace execu- 
tive (UK); Mr. Gunnar Boman, director and lawyer, 
NUTEK (Sweden); Mr. Jacques Bus, EC secretariat 
(Belgium); Mr. M. Colombe, Bull S.A. (France); Dr. C. 
De Meyer, De Bandt, Van Heck (Belgium); Mr. Markku 
Lamola, EFTA secretariat; Mr. M. Lehman, Max Planck 
Institute (Germany); Mr. Rudolph Mueller, patent 
licensing manager and lawyer, Siemens AG (Germany); 
Mr. Paolo Sani, patent and trademark licensing man- 
ager, Fiat (Italy) 


(Japan) Akira Ookawa, Patent Harmonization Legal 
Bureau; Hideo Doi, Mitsubishi Denki Ltd.; Katsuhiko 
Umehara, Ministry of International Trade and Industry 
(Shuuichi Okada attended the 2nd, 3rd, and 4th meet- 
ings, Hidehiko Nishiyama attended the Ist meeting) 


(United States) Mr. Robert E. Falstad, lawyer, 
SEMATECH legal consultant; Sheryl A. Clark, lawyer, 
Buchanan Ingersoll Law Firm; Mr. Richard Donaldson, 
Texas Instruments Inc. 


Overview and Features of IPR Guidelines 


At the International Steering Committee (ISC) held in 
Stockholm and Helsinki on 20-21 July 1992, interna- 
tional IPR guidelines were adopted on handling indus- 
trial property rights for collaborative research on models 
and technology for next generation manufacturing pro- 
cesses from an international standpoint. 
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The guidelines introduced here are for the test cases that 
began in February 1993. Their formal title is “Interna- 
tional Cooperation in Advanced Manufacturing IPR 
Guidelines for R&D Test Cases During the Feasibility 
Study.” 


Each consortium that participated in the test cases 
entered into the Cooperation Agreement of the consor- 
tium in accordance with the guidelines. 


The guidelines consist of a preface, foreword, and nine 
chapters, | through 9. Next, an overview is given. 


First, the preface clearly sets forth the minimal condi- 
tions that the IPR guidelines can apply to IMS test cases. 
Partners in the test cases can agree among themselves 
about additional provisions within the scope of satis- 
fying these minimal conditions. 


The foreword describes commissioning the International 
Intellectual Property Rights Committee to create the 
guidelines in the Terms of Reference (determining the 
basic framework such as participants at that start of the 
feasibility study, the management system, and the 
schedule proposed by the United States). The content of 
the cooperation agreement between partners and groups 
participating in R&D test cases implemented in the 
feasibility study must clearly follow the guidelines. Since 
this is based on the Terms of Reference, there must be 
assistance so that the contributions to international 
cooperation in IMS and the gains obtained from the 
cooperation are equitable and balanced. The end of the 
foreword mentions that this guideline applies experience 
gained in the test cases to establish IPR guidelines for 
full-scale research after the feasibility study and the 
possibility of additional changes remains. 


Next, chapter 1, “Definitions,” gives the definitions of 
the 16 major terms used in the guidelines. The major 
terms include consortium, affiliate, foreground, back- 
ground, and commercial right. Particularly significant is 
the use of the terms foreground and background. The 
definition given for foreground means all of the infor- 
mation initially created or gathered in the project 
activity process and all of the intellectual property rights 
that directly arise from the project. Background means 
already existing information and rights. This expression 
is partly used in relation to managing research results in 
model contracts in collaborative R&D announced by the 
EC committee on | October 1988. 


Another definition to be noted is affiliate. This is usually 
a subsidiary, a corporation that is directly or indirectly 
owned or controlled by a partner able to participate in 
this project. However, a corporation jointly owned or 
controlled by the government is not an affiliate. 


In chapter 2, ‘““The Ownership of Rights,” foreground is 
owned by the sole partner that created it or by the 
collaboration partners. Furthermore, even when a 
project is organized with government participation or 
assistance and loans from the government, partners 
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guarantee the ownership of rights in accordance with the 
guidelines. Therefore, the ownership of background 
rights does not affect the project. 


Chapter 3, “Summary and Report,” shows that the IMS 
project is in no way closed. Except for special cases, the 
announcement of all project results must be approved by 
all the partners participating in the project. Additionally, 
a project summary is presented to all of the other project 
partners and to each IMS international committee. 
When the project ends, the summary of the results 
obtained from the project are compiled in a report and 
published. 


In chapter 4, “Research and Development,” the royalty- 
free licensing of R&D objectives related to a partner's 
foreground is guaranteed. (The EC plan where other 
partners in the consortium are compensated was 
excluded.) Here the most notable point, however, is 
background information, which falls within the scope 
agreed on by the project partners in accordance with the 
conditions agreed on by appropriate partners, must be 
offered in the consortium for R&D objectives for the 
project. Also, another point is licensing for background 
rights must be performed in a similar manner. This 
description is the point that makes the partners the most 
nervous about the provisions in the following chapter 5. 


The possibility of rejecting permission for licensing 
rights when there is a business interest conflict, that was 
in the EC proposal, accurately represents the partici- 
pants’ feelings. 


In chapter 5, “Commercial Rights,” similar to chapter 4, 
each partner obtains the foreground of other partners 
royalty free and financially equal commercial rights. The 
financial equality which differs from chapter 4 reflected 
the Japanese view. A licensing fee that must be paid to 
the country when a national research institute partici- 
pated is assumed. 


One notable point in this chapter is project partners 
must give permission for background rights in accor- 
dance with the formal commercial conditions when 
reasonably necessary in order for other partners to have 
foreground commercial rights. Related to commercial 
licensing in particular, a provision stricter than “within 
the scope agreed on by the project partners and in 
accordance with the conditions agreed on by appropriate 
partners” for implementing the previous R&D objec- 
tives does not exist and permission cannot be refused. 


In chapter 6, “Permission,” a partner that independently 
owns foreground can grant licensing permission to third 
parties. Moreover, partners who jointly own foreground 
can grant foreground licenses to third parties in accor- 
dance with the mutual understanding of the cooperation 
agreements among partners. (This point is coordinated 
with clause 73, item 3 of the Japanese Patent Act.) The 
partners of other projects are given permission under 
advantageous conditions. 
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In chapter 7, “Protecting Licenses and Rules for Main- 
taining Secrecy,” first, partners owning foreground 
information must take the appropriate measures to guar- 
antee legal protection. All of the other partners are 
notified of the situation together with an overview of the 
invention. When legal protection is not sought, other 
partners in the same project under mutually agreed on 
conditions can guarantee protection. Even if there are 
partners who waive their application rights and do not 
participate in all the appropriate research activities, the 
EC plan that can guarantee application rights is moved 
away from and application rights are limited to partners 
in the same project. 


In maintaining secrecy, a partner having rational proce- 
dures equivalent to the procedure devised for the confi- 
dential information it owns must make effort to main- 
tain the secrecy of confidential information obtained in 
the project. This information is not restricted when 
made public regardless of the partner's own responsi- 
bility. 


In chapter 8, “Conflict Resolution Methods and Appli- 
cable Laws,’ methods to resolve conflicts arising about 
the interpretation or application of these guideline are 
determined. The method first seeks a friendly settle- 
ment, but when this is not possible, non-binding arbitra- 
tion of the International Steering Committee is sought. 
Then, the conflict resolution method is agreed upon in 
each cooperation agreement and is responsible for 
agreeing on which laws (which country’s laws) apply in 
the agreement. 


Finally, in chapter 9, “Cooperation Agreements,” part- 
ners conclude in writing cooperation agreements that 
conform to one or multiple guidelines that manage 
participation in the project. 


IPR Guideline Problems 


IPR guidelines were adopted for use in previous test 
cases. Currently, reviews are underway to create IPR 
guidelines for the full-scale program slated to start in the 
fall of 1994. 


Reviews continued in the 3rd International IPR Com- 
mittee meeting (Dallas), the 4th meeting (Sydney), and 
the Sth meeting (Vancouver) and the evaluation of 
coordination of the cooperation agreement decided on in 
each consortium was sufficiently discussed. During the 
review process, the following problems were identified in 
the IPR guidelines. 


Background 


In the background, there are problems in offering back- 
ground to partners. For example, when specialized 
licensing rights are already established with third parties 
outside the consortium for patents related to background 
or when they are shared, it is not possible to offer 
existing background to consortium partners. The above 
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points are not stipulated in the current guidelines. There- 
fore, corporations and research institutes who want to 
participate in the IMS project will not be able to partic- 
ipate because of the fear of not being able to fulfill the 
obligation of providing background. 


To eliminate these kinds of non-partners, new guidelines 
must be created to stipulate the establishment and own- 
ership of special enforcement rights. 


Managing studies 


How to manage projects that center on gathering infor- 
mation and not carrying out full-scale research tasks is 
under study. When only information is collected, usu- 
ally, foreground will not arise, so it does not have to be 
completely constrained by IPR guidelines. Thus, only 
required provisions in the IPR guideline need to be 
applied. 


Compulsory strength of the guidelines 


Discussions have taken place while the guidelines were 
being created on whether the guidelines should be com- 
pulsory or to consider the provisions simply as recom- 
mendations. 


Currently, based on the recommendations of the guide- 
lines, a collaborative research cooperative agreement is 
being developed on the items agreed on in each consor- 
tium. There is also the view that the method should state 
confirmed items in detail. 


While international collaborative research is promoted, 
the minimal conditions must clearly establish which 
common rules are compulsory, then each consortium 
will observe them. As for items not covered in the 
guidelines, an agreement is made for each item and is 
covered in the agreement. This work will proceed based 
on this idea in future revisions of the guidelines. 


When the guidelines are compulsory, the following 
problem arises on which provisions will be compulsory. 
Studies on this are continuing and it is still unclear. 


Research announcements of research institutes 


When research is announced, it is not done freely, but 
must be agreed on by the other partners. Dissatisfaction 
will arise concerning the inability of nonprofit research 
institutes to officially announce results. Therefore, as a 
condition for procedures concerning the protection of its 
own research results, a method to give rights to announce 
and disclose information is considered acceptable. 


New Partners 


The handling of new partners remains undecided. Cur- 
rently, there are only six countries and regions, but other 
countries are expressing a desire to participate in the 
collaboration. Studies are needed on how this should 
proceed. However, this problem extends beyond a 
simple guideline problem. It is a problem of the whole 
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IMS project. The guidelines will be revised following the 
direction of decisions made by the International Steering 
Committee. 


The relationship to the Antimonopoly Act 


When there are competitive relationships between busi- 
nesses in products that are R&D targets of collaborative 
R&D, a study of antimonopoly law is needed from the 
perspective of unfair trade restrictions. That 1s, by imple- 
menting this kind of collaborative R&D, when competi- 
tion in a definite trade arena of some product is 
restricted in essence, the R&D itself violates provisions 
of the Antimonopoly Act. Issues for study arose in this 
project concerning this point. However, at this time, 
specific items that violate the provisions of the Antimo- 
nopoly Act are not known. International collaborative 
R&D like the IMS project does not monopolize results 
and does not prevent the general dissemination of tech- 
nology. Thus, the opinion is there are no problems with 
the Antimonopoly Act. 


The Future 


Opinions are being exchanged between the regions that 
should advance current revisions on the above problems. 
In the future, intermediate plans will be summarized. 
Finally, at the 6th International IPR Committee held in 
Vienna in December 1993, the final draft of the revised 
IPR guidelines for the full-scale program is expected to 
be completed. 


Micromachine Center Official on Micromachine 
Technology R&D 


94FE0296E Tokyo KIKAI SHINKO in Japanese Nov 93 
pp 39-48 


[Article by Takayuki Tsunemi, managing director, 
Micromachine Center] 


[Text] 


Introduction 


When micromachine technology is systematically estab- 
lished, various micromachine systems will be imple- 
mented to carry out advanced tasks in extremely narrow 
spaces. These kinds of systems are expected to be used in 
a wide range of fields beginning with plant maintenance 
and medical treatment. 


To realize these technologies, in addition to processing 
and assembly technologies for miniature actuators and 
moving mechanisms and system technology, scientific 
and technological research to explain physical and chem- 
ical phenomena in the micro domain are necessary. In 
addition to being very risky and costly, this R&D 
requires a long period of time. 


Therefore, at the Agency of Industrial Science and Tech- 
nology (AIST), Ministry of International Trade and 
Industry (MITI), R&D on micromachine technology was 
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selected as one R&D project in the Industrial Science 
and Technology Frontier Program. 


Approval was granted to establish the Micromachine 
Center in MITI as the main organization to promote the 
civilian side of the project. In addition to this R&D, 
work such as research on the basic technologies needed 
to establish a micromachine technology system, stan- 
dardization, and promoting the dissemination of the 
technologies will be carried out. 


Overview of Micromachine Technology R&D 


1. R&D objectives 


To cope with the highly advanced and difficult state of 
maintenance accompanying more advanced, precise, 
and complex manufacturing systems and to realize supe- 
rior medical treatment for people, the need for micro- 
machines to be able to perform finely tuned and complex 
tasks is increasing. 


To this end, based in the Industrial Science and Tech- 
nology Frontier Program of the Agency of Industrial 
Science and Technology (AIST) of the Ministry of Inter- 
national Trade and Industry (MITI), R&D on microma- 
chines is underway to diagnose, treat, test, and heal in 
restricted spaces for instance, inside a living body or 
pipes in a plant in order to repair a variety of complex 
machines like electrical generators and also to do little 
harm to the body during diagnosis and surgery in med- 
ical treatment. 


The R&D is divided into a first phase from 1991 to 1995 
and a second phase. The basic development plan for 
both have been decided. 

Basic plan for phase 1 


(1) R&D phase: 1991-1995 (Total plan is 10 years long.) 


JPRS-JST-94-031 
23 September 1994 


(2) Total R&D funds: ¥ 10 billion (The total funding 1s 
¥ 25 billion.) 


(3) R&D objectives and methodology 


The final objective is to realize technology for microma- 
chine systems constructed from miniature functional 
elements that will move in the limited spaces inside the 
human body and in complex machines like power gen- 
eration facility and autonomously perform high-level 
tasks. In phase 1, until 1995, the following technologies 
will be developed as the basic structural elements of 
micromachines. (Table | gives the R&D schedule.) 


(a) Micro functional element technology R&D— 
Centered on experimental research, R&D on design, 
manufacturing technologies, and drive and control tech- 
nologies for the basic functional elements that will com- 
prise a micromachine like intelligence, environment 
recognition function, and mobility and propulsion func- 
tions 


(b) Energy supply technology RAD—RA&D on tech- 
nology for generating energy inside micromachines and 
technology to supply energy 


(c) System control technology R&D—RAD using 
research and prototype models related to micromachine 
information processing technology, communication 
technology, and remote and distributed control technol- 
ogies 


(d) Evaluation technology R&D—R&D on technologies 
to measure, monitor, and evaluate the characteristics of 
the micro functional elements 


(e) Total system research—Research on the total micro- 
machine system to clarify the total system of microma- 
chine and study effective practical uses. 


The R&D described above ts promoted by the system 
illustrated in Figure | [not reproduced]. 





Table 1. R&D Schedule 
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Table 1. R&D Schedule 








R&D Topic/Year Phase | Phase 2 

Overview Survey of technolo- | R&D is performed on tech- Improving the tech- 
gies related to niques and methodologies in niques and meth- 
mucromachines the primary technologies odologies with con- 


required in the four types of 
mucromachines (micro cap- 
sule, mothership machine, 
wireless inspection module, 
wired operation module). 
Surveys of the needs, overall 
system design, and feasibility 
study on power generator 
maintenance are performed. 








firmed possibilities 
of implementation 
in phase | and sys- 
tematizing micro- 
machine technology 
1s planned. 














eee Science and Technology Frontier Program 


(1) Highly functional maintenance technology 
development for power generation facility 


In R&D on micromachine technology, primarily micro- 
fabrication technology, and the prototype manufacturing 
of various micro functional elements based on this 
technology are progressing. Basic technology is begin- 
ning on tribology in a micro environment, heat transfer 
engineering, micro science and technology in fluid 
mechanics, materials technology, design technology, 
measurement and evaluation technology, and control 
technology. 


This project performs R&D to implement highly func- 
tional maintenance systems for micromachine tech- 
nology for testing and repairing abnormal situations 
such as internally generated cracks without disassem- 
bling the heat exchanger of a pipe system in a generator. 
However, the history of micromachine technology is 
relatively brief and many problems exist that must be 
addressed in basic research. Therefore, while envisioning 
the implementation of highly advanced maintenance 
systems, the R&D objectives of this project are placed on 
establishing a micromachine technology system. Confir- 
mation of the ability to implement the various tech- 
niques and methodologies needed to establish technical 
systems by the end of 1995 will be either experimental or 
theoretical. 


Since problems that cannot be addressed by simply 
extending conventional technology are mounting up in 
the implementation of this project and technical R&D 
based on new perspectives is being pursued, the fol- 
lowing points must be carefully considered. 


(a) Dimension—The target dimension range is suitable 
for measuring the size of functional element parts in 
micromachine technology. The sizes of these functional 
element parts are set at the ym level as dimensions 


capable of creating arbitrary shapes using the micro 
processing techniques of IC processes and micro electric 
discharge processing methods. 


(b) Micro environment—As the dimensions of the func- 
tional element parts enter the ym level, problems like 
surface tension, viscosity, tribology, and contamination 
differ drastically from the case of conventional mechan- 
ical systems. Mechanical systems based on new concepts 
that include new control systems and can be applied to 
phenomena characteristic of a micro environment are 
required. Therefore, molecular theory considerations 
become important. Further, characteristic problems of 
micromachines like measurement methods for minute 
physical quantities in the measurement and evaluation 
methods, and the effect of the grain diameter of poly- 
crystalline material and anisotropic mechanical charac- 
teristics of simple crystalline materials are introduced. 


Target R&D technology 


To realize the micromachine technology system needed 
to implement a highly functional maintenance system 
for power generation facilities, the idea of a total system 
constructed from the four subsystems of the microcap- 
sule, mothership machine, wireless inspection module, 
and wired operation module is envisioned in the basic 
technology, functional element technology, and system 
technology that form this technological system. Devices 
are needed to construct these modules. Thus, R&D will 
be conducted on principal micromachine technologies 
such as the needed micro function element technology, 
energy supply technology, control technology, and pro- 
cessing and assembly technologies (Tables 1-3). 


As illustrated in Table 3, in each R&D problem the 
attainable R&D objective in phase | of this project is to 
increase the possibility of implementing the techniques 
and methodologies needed in each structural device as 
the principal micromachine technologies. Under- 
standing the R&D results in the first phase is accom- 
plished by methods that verify the possibility of imple- 
mentation as a principal micromachine technology. 
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Table 2. R&D Issues 
Microcapsule Mothership Machine | Wireless Inspection Wired Operation 
Module Module 
Energy supply tech- Power generating Battery device Light energy conver- Solar power conver 
nology device sion device, micro- sion device 
wave energy conver- 
sion device 
Micromachine func- Actuator mechanism Steering device drive | Drive device, clamp Flexible, mobile Traveling device, 
tional elements technology and suspension device, coupling device, voltage drive manipulator with 
device, artificial device multiple degrees of 
muscle freedom, extension 
and contraction 
mechanism device. 
hydraulic device, 
fluid drive device, 
solar drive operation 
device 
Sensor technology Wound detection Recognition device Ultrasonic wave Internal visual drs- 
device, position device, CCD micro crimination device 
detection device camera device, wide- 
band light analysis 
device 
Misc. Signal generation Function coupling 
device device 
Control technology Holonic mechanism, Communication con- 
behavior control trol 




















R&D examples 


The research involved (1) microcapsule R&D, (2) moth- 
ership machine R&D, (3) wireless inspection module, (4) 
wired operation module R&D, and (5) total system 
research advanced fundamental studies on micro-sized 
electrostatic motor, torque measurement, prototype 
manufacturing of shape memory alloy micro coils, and 
solar power generation and booster mechanisms for 


energy supply. 


As for static actuators, along with creating prototypes of 
basic elements, miniature torque measurement devices 
were developed and the characteristics of prototype 
actuators were evaluated. 


(i) Figure 4 {not reproduced] is a conceptual diagram of 
a prototype radial gap electrostatic actuator. 


(ii) In micro coiling technology, preliminary studies of 
shape memory alloys (SMA) took the form of studies of 
the micro coiling technology of Ni-Ti system SMA wires. 


Figure 5 [not reproduced] shows a photograph of a 
heat-processed wound coil spring with a length of 50 ym, 
an external diameter of 0.6mm, and the effective length 
of 20mm after forming the coil shape. 


(111) In solar power generation and booster mechanisms, 
the main objective is basic research on very efficient 
solar electricity generation which 1s derived externally. 
Photocells were simulated, fabricated, and evaluated. 
Studies were carried out on the basic technology for 
highly efficient micro transformers (Figures * and 8 [not 
reproduced]). 


(iv) In supplying solar energy, the results of studies and 
basic research on the research objective of extracting the 
technical problems of solar generation elements like the 
solar batteries used in wireless inspection modules dem- 
onstrated the importance of improved processing cf 
finely processed edges to suppress current leaks through 
edges processed in miniaturized solar power generating 
elements and the importance of a heat radiation struc- 
ture to control the increased temperatures caused by 
incident light (see Figure 6 [not reproduced)). 
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Table 3. R&D Objectives 





R&D Problem 


Phase | Objectives 


Phase 2 Objectives 





Microcapsule R&D 


Verify the possibility of implementing the techniques and methodologies of 
the principal micromachine technologies needed in micro power generators, 
signal oscillation mechanisms, sieering mechanisms, wound detection, posi- 
tion detection, drives, and suspensions 


Plans to achieve improvements in 
the principal micromachine tech- 
nology developed in the first phase 
and to systematize micromachine 
technology 





Mothership machine 
R&D 


Verify the possibility of implementing the techniques and methodologies of 

the principal micromachine technologies needed in main body drive mecha- 
nisms, micro optical mechanisms, coupling mechanisms, clamp mechanisms, 
artificial muscles, microbatteries, group control, and behavior control 





Wireless inspection 


Verify the possibility of implementing the techniques and methodologies of 





module R&D the principal micromachine technologies needed in flexible mobile 
mechanisms, micro CCD mechanisms, function coupling, micro light analysis, 
solar energy supply, and cooperative control 

Wired operation Verify the possibility of implementing the techniques and methodologies of 

module R&D the principal micromachine technologies needed in tube-shaped manipulators, 


optical driver operation mechanisms, mobility and operating mechanisms, 
solar power generation and booster mechanisms, environment recognition 
mechanisms, and high output power sources 





Total system research 


Based on R&D and survey results, develop the conceptual design and feasi- 
bility study for a micromachine system for use in power generation facilities 








and study the implementation of the maintenance system 





(3) R&D on micromachine technology for medical 
treatment 


Another field considered to be a target application for 
micromachine technology is the medical field. 


In medical treatment, especially diagnostic techniques, 
advanced and less invasive methods are sought. In other 
words, if micromachine technology is applied to medical 
therapy, the treatment devices will be more compact and 
multifunctional and will implement accurate minimally 
invasive medical treatment needed in advanced medical 
treatment which is not possible with conventional tech- 
nology. This will affect efforts to save patients’ lives, 
shorten the treatment period, and prevent complica- 
tions. 


In the application of micromachine technology to man- 
ufacturing fields, research on micro technology is 
underway in a wide range of areas from element tech- 
nologies like existing sensors and actuators io the device 
level technologies to integrate these elements. To apply 
these technologies to the medical field, devices must be 
miniaturized for the miniature environment and unique 
phenomena in a living body. The problems that must be 
solved to achieve this become the R&D micromachine 
technologies that consider medical application. 


In this context, the application of micromachine tech- 
nology in medicine is envisioned in this project. The 
objective is to develop various micromachine element 
technologies that will build this system. The following 
points are noted in advancing this project so that it can 
be implemented in medical applications. 


(a) Living body environment—When artificial materials 
are used in direct contact with a living body, various 
levels of reactions to foreign materials occur at the 
boundary between the material and the living body. This 


must be avoided and, at the same time, the devices must 
synchronize with the specific system in the living body. 
That is, for the micromachine to support these functions 
in the blood, in organs, anc 'n tissue, research is needed 
on methods to avoid the :ecognition of foreign material 
like thrombosis reactions in the blood, and inflamma- 
tion reactions and immunity in hard and soft tissues in 
the body. In addition, since disinfection and sterilization 
are performed, microstructures and materials must be 
introduced that can withstand these kinds of environ- 
ments. 


(b) Micro environment—When the dimensions of func- 
tional element parts reach the pm level, problems with 
surface tension, viscosity, and frictional force differ 
significantly from those in existing medical systems. 
Consequently, peculiar phenomena in the micro envi- 
ronment must be addressed by mechanical systems 
based on new concepts, including new control tech- 
niques. Therefore, studies are required on molecular 
theory considerations, measurement and evaluation 
methods for minute physical quantities, the effect of the 
grain size of the polycrystalline material, and the anisot- 
ropy of simple crystal mechanical characteristics. 


(c) Precision—As the dimensions of functional element 
parts become smaller, ways are sought to ameliorate 
shape errors and surface coarseness corresponding to 
this. 


Target R&D technology 


In phase |, micromachine element technology in medical 
treatment systems and diagnosis inside the body, begin- 
ning with blood vessels in the brain, are expected. R&D 
will proceed on the following three technologies which 
are rich in generality. 
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(a) Laser diagnosis and treatment technologies—The 
laser is one of the most promising technologies for 
diagnostic and therapeutic techniques. If energy trans- 
mission and optical signal detection are simultaneously 
possible in ultraminiature diameter optical fibers, lasers 
are expected to be applied to many regions. 


(b) Micro touch sensing technology—Miniaturizing 
touch and pressure sensors and eliminating wires from 
sensor drives and signal lines that consider the flexi- 
bility, viscosity, and elasticity of barriers and organs in a 
living body are essential technologies for narrow cathe- 
ters and microsurgery. 


(c) Blood pressure and blood flow sensing technology— 
Technology that is reflected in fields where blood pres- 
sure and flow are detected by micro sensors and diag- 
nosis and therapy will be an important element 
technology of catheters for blood vessels and can be 
applied to sense other fluids. 


Research will also begin on balloon tube mechanisms 
and micro nozzles. Also, as applications of industrial 
technologies to medicine, studies will begin on applica- 
tions to micro catheters of the element technologies for 
diagnosing and treating cerebral blood vessels of ultra- 
sound diagnosis, micro endoscopes, micro expansion 
and contraction mechanisms, and micro pumps. 


It is difficult to determine precise technical objectives 
and evaluation methods when research is just beginning 
for the three issues being emphasized which all have a 
strong pioneering nature. Therefore, experimental 
research, which includes the exploratory research and 
making prototypes, is performed. To correctly under- 
stand the technical issues uncovered during this process, 
the objective standards and verification methods of the 
research results of important issues in phase | in 1993 
are established. 


3. Exploratory research on basic technologies related to 
micromachine systems 


Micromachine technology is added to the scholarly fields 
of various technologies and sciences like mechanical 
engineering, electronic engineering, biology, physics, and 
chemistry. Since the history of this technology is brief, 
fundamental technologies like microphysics (i.e., tri- 
bology and mechanics in minute regions) that forms the 
basis for realizing the system technology, basic tech- 
nology like materials technology (for industrial and 
medical use) and design technology must be powerfully 
and rapidly developed as systematic research. Currently, 
in technologies which are not R&D targets in the Indus- 
trial Science and Technology Frontier Program, through 
collaborative research between industry, the govern- 
ment, and academia with assistance from machinery 
promotion funds, the following exploratory research will 
be performed so that establishing micromachine tech- 
nology systems is not hindered. 


(1) Micro science and technology (tribology and 
mechanics) 
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(2) Materials technology (actuator materials for indus- 
trial and medical use and materials suited to living 
bodies in medical treatment) 


(3) Design technology (design methodologies) 
(4) Control technology (control methodologies) 


(5) Energy transmission in micromachines 


4. Activities of the Micromachine Center 


The Micromachine Center is the center for managing the 
exploratory research described above. It promotes 
exchanges between domestic and foreign organizations 
by collecting and disseminating information, dis- 
patching and receiving overseas missions, and spon- 
soring and participating in symposia, and promotion. Its 
activities are based on the five pillars given below. 


In addition, a member support system will be estab- 
lished. This system is expected to cooperate in the daily 
operations of the center and participate in its use and 
planning its operation. 


(1) Studies and research on micromachines 


(2) Information collection and dissemination about 
micromachines 


(3) Exchanging and cooperating with domestic and for- 
eign organizations related to micromachines 


(4) Promotion of standards for micromachines 


(5) Teaching about micromachines 


5. Prospects for micromachines 


Micromachine technology is thought to have uses in a 
broad spectrum of fields. The following results are 
expected when looked at from the perspectives of indus- 
trial technology, the economy, and society. 


Industrial technology: High-level functions are 
advancing rapidly due to the introduction of microma- 
chine element technologies to existing industrial parts. 
For example, the miniaturization and unification of 
various sensors, actuators, and mechanisms can lead to 
higher precision optical disks and advanced, multifunc- 
tional industrial robots. Implementing the latter will 
change industrial production systems. 


Economy. Since micromachine technology covers a tech- 
nology range that cannot be addressed by existing tech- 
nology, new technological fields (micromachine develop- 
ment, production, and use) will be created. 


Society. An industrial society supported by vast technol- 
ogies invites remarkable increases in energy consump- 
tion. Micromachine technology is tied to saving energy 
and resources through the miniaturization of machines 
and is a technology that places a small burden on the 
environment. Moreover, in an aging society, advances in 
medical technologies by micromachine technologies are 
essential. 
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gation Group, International Robotics ard Factory Auto- 
mation Center (IROFA)] 


[Text] 


Introduction 


Signs of recovery are not seen in corporate plant and 
equipment investments and the performance of a 
number of manufacturing industries is worsening. More- 
over, with the rapid rise in the value of the yen since 
spring, ambivalent feelings about the future of the 
economy is increasing and work on curtailing costs of 
initial plans is expanding. In this kind of climate, it is 
becoming difficult to secure future investment and start 
up major systems like building computer-integrated 
manufacturing (CIM), a system for designing the opti- 
mization of manufacturing activities and sharing infor- 
mation among the sales, design, and manufacturing 
divisions where all of the activities related to manufac- 
turing are connected by a computer network, that is just 
beginning to be aggressively tackled by manufacturing 
industries. 


As a result, recently, the two obvious extreme specializa- 
tions are corporations that are increasing productivity by 
restructuring their manufacturing lines and possible 
investment in plant and equipment as early as possible 
and corporations that assert that there is no alternative 
to advanced automation in order to construct variable 
type, variable quantity production and multiple prod- 
ucts, small quantity production. That is, to skillfully 
handle the environmental changes that surround the 
following kind of CIM, manufacturing industries are 
searching for the measures that must be taken to ensure 
their survival. 


(1) Substantially decrease manufacturing costs 
(2) Address the trend of multiple product class products 


(3) Reduce the lead time between product design and the 
manufacturing process 


(4) Address the shortage of skilled workers 


(5) Harmonize the manufacturing facilities and the 
workers 


(6) Convert to resource and energy conserving manufac- 
turing facilities 


(7) Extend product liability to the product 


In the computer network technology field, indisputable 
issues are appearing and a new era will be visited. The 
key words related to a series of distributed processes are 
network, downsizing, open system, multimedia, and 
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client-server. In existing manufacturing systems, the 
distributed processing environment for downsizing is 
being implemented in connection with factory automa- 
tion (FA) network technology from the quality and 
hierarchical nature (defined by the ISO/CIM reference 
model) possessed by these manufacturing systems. The 
cell (line) controller (FA computer) that controls the 
manufacturing equipment controls other manufacturing 
equipment (e.g., robots, numerically controlled (NC) 
tools, programmable logic controllers) and builds a man- 
ufacturing system environment not offered in a single 
cell (line) controller. In the production message specifi- 
cation that 1s a representative application protocol con- 
sidered by the MAP (Manufacturing Automation Pro- 
tocol) initiative, first, the architecture that supports this 
cooperative relationship is called the client-server 
model. The standardization of not only information 
exchange methods, but also the behavior description on 
the server side (introduction of the virtual machine 
concept called the virtual manufacturing device) had a 
significant effect on the methods for building later man- 
ufacturing systems. Figure | shows the structure of the 
client-server model. 


The concept of this client-server model expresses the 
relationship between the server side, which offers ser- 
vices that cooperate on the network, and the client side, 
which receives the service. An important point is the 
server can simultaneously offer common services to 
multiple clients. If needed, the server role and the client 
role coexist in one node, for example, a cell controller, 
and can properly use these roles in response to the 
situation. When this is applied to manufacturing sys- 
tems, the client is the application that controls the 
manufacturing equipment, such as the FA computer, cell 
(line) controller, or workstation. The server is the side 
that executes requests from the client and will be man- 
ufacturing equipment like robots, numerically controlled 
tools, programmable logic controllers. The merit of the 
client-server model is communication exchange that was 
simplified between several clients and the server that 
becomes the foundation is distributed and the whole 
system captures the model constructed from this mix- 
ture. The results of simplifying the whole system are a 
decrease in the development and operating costs of the 
whole system and an improvement in reliability. 


In this paper, | would like to describe the current state of 
activities to disseminate MAP and the technologies 
surrounding MAP still under development and for future 
development. 


Directions of the MAP Open Committee (Japan MAP 
Users Group) 


Ten years have already passed since MAP was advocated 
by General Motors in the United States in the beginning 
of the 1980s. 


The International Robotics and Factory Automation 
Center (IROFA) set up the MAP Committee in 
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November 1985 in response to global trends. Its activi- 
ties centered on the two tasks of (1) domestic public 
relations on the importance of MAP and (2) contribu- 
tions to extend MAP specifications. 


IROFA received a commission from the Ministry of 
International Trade and Industry (MITI). Based on 
cooperation between industry, the government, and aca- 
demia, R&D projects on the Factory Automation Inter- 
connection System (FAIS) were implemented over a 
three-year period from 1987 to 1989. Along with estab- 
lishing interconnection technology, arrangements were 
made to establish the MAP Test Center in the Tech- 
nology Laboratory of the Japan Society for the Promo- 
tion of Machine Industry and basic preparations for 
standardization activities in Japan were performed. 


With the objectives of effectively using the results of the 
FAIS project from 1990, disseminating the results in 
Japan and abroad, and contributing to the international 
standardization of communication protocols, the FAIS 
Network Event (FNE) project was started. In June 1992, 
a proof-of-concept demonstration simulating an actual 
plant was implemented as FNE’92 and proved its effec- 
tiveness. 


In order to include FAIS 2.0 in the MAP/TOP 3.0 
Specification: 1993 Release as the MiniMAP protocol, a 
working group was established and a protocol was cre- 
ated. 


In this committee, taking the opportunity to establish the 
MiniMAP protocol, based on prior achievements of 
MAP and MiniMAP, the range of activities will be 
expanded in the following way. 


(1) Expansion of the range of activities from MAP to FA 
network communication environment (Technology) 


(2) Strategic software from standardization activities to 
dissemination activities (Planning) 


(3) Expansion of the range of activities from communi- 
cation protocols to application software (Technical 
results) 


Consequently, starting this year, in addition to pro- 
moting information collection, surveys, public relations 
activities, and international standardization related to 
MAP, MAP will be positioned as the core technology of 
the FA network to address the demands of a new era. By 
focusing on preparing the FA network environment 
based on users’ needs, active dissemination of MAP was 
planned. 


Accompanying the expanding range of activities, the 
name of the committee was changed. 


New activities 


(1) Developing a MAP open system (simplification of 
connections to private networks) 
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(2) Establishing utilization technology that unified the 
MAP relation through cooperation with related indus- 
trial associations and ISO (development of utilization 
technology of MMS companion standards) 


(3) Simplification of MAP utilization technology (gap 
solution of utilization technology between the applica- 
tion level and user program) 


(4) Actively addressing the obstacles of introducing MAP 
(5) Expanding the fields to use MAP 


Name change of the MAP Committee 


As explained above, the activities of this committee are 
connected to the task of expanding the range of activities 
from MAP to the network environment required in CIM. 
Thus, beginning this year, the name of this committee 
was changed to the MAP Open Committee. 


Old name: MAP Committee 
New name: MAP Open Committe 


However, the Japan MAP Users Group (JMUG) has the 
same name as before for the MAP/TOP World Alliance. 


Complete Revision of the MiniMAP Protocol 


The 1993 edition of the MAP/TOP 3.0 Specification, 
which is the international standard communication pro- 
tocol for factory LAN, was formally approved at a 
general meeting of the MAP/TOP Users Group World 
Alliance held in San Francisco. The FAIS 2.0 specifica- 
tion factory communication protocol developed in 
Japan is included as the MiniMAP protocol. The 1993 
edition of the MAP/TOP 3.0 Specification is slated for 
publication in November. 


In the move towards implementing CIM in manufac- 
turing industries, the communication protocol of stan- 
dardized LAN for FA factories is required to make 
possible the interconnection of different machines in a 
manufacturing plant. 


Although there is MAP (alias Full MAP) as a communi- 
cation protocol for factory LAN, the original MAP 
strengthened its position as a trunk line network. There- 
fore, the early implementation of MiniMAP was 
expected to be a communication protocol at the cell level 
which is suited to manufacturing facilities particularly in 
Japan. 


Approval this time gave global recognition to the useful- 
ness of the FAIS 2.0 Specification. The FAIS 2.0 Speci- 
fication will be incorporated as an option of the Min- 
iMAP protocol. As a result, MiniMAP is a 
communication system at the optimum cell level in the 
interconnection of FA equipment. In the future, the 
implementation of factory automation and global dis- 
semination are expected with MiniMAP as the bearer 
promoting open manufacturing equipment, such as FA 
computers, controllers, and robots, and multivendor 
systems. 
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The features of the FAIS 2.0 Specification are 

(1) the use of an auxiliary protocol, 

(2) the addition of network management functions, 
(3) use in manufacturing message specifications, and 


(4) the development of subsets of manufacturing mes- 
sage specifications. 


Trends in standardizing the manufacturing message 
specification (MMS) 


The features of MAP 3.0 completely conform to OSI as the 
basic standard and stipulates the MMS equipment speci- 
fications (function standard) that became the international 
standard ISO/IEC9506-1 and -2. MMS was stipulated as 
the application level protocol (OSI level 7) as the service 
element to achieve remote control through an FA network 
of FA manufacturing devices like robots, numerically 
controlled tools, and programmable logic controllers. The 
service that MMS performs for applications on the client 
side is divided into 10 types of objects and 86 types of 
services. To be able to handle each FA manufacturing 
device on the server side from the client side, these 
features implement the manufacturing devices in the vir- 
tual machine model (VMD) and the instructions used by 
MMS for this VMD are sent from the application on the 
client side. In accordance with the received instructions, 
VMD reflects the request in the operation of actual FA 
manufacturing devices. This action is one function of 
VMD and is not an application instruction at the client. 


The MMS standard is created from the core standard 
and the companion standard. The core standard stipu- 
lates the service definitions and protocol specifications 
of MMS. Detailed specifications which apply to actual 
manufacturing equipment are stipulated in the com- 
panion standard for each type of manufacturing equip- 
ment described in section 4.2. 


In addition, plans are proceeding to use MMS tech- 
nology as the tool to integrate real-time data exchanges 
between control centers in the electronics industry in the 
United States. 


1. JIS standardization of MMS 


When the source text is translated from the position of 
totally respecting the ISO/IEC standard created with the 
agreement of each nation, the Japanese Industrial Stan- 
dard for the MMS core standard (ISO/IEC9506-1, 9506- 
2) will be standardized by JIS without changing the 
technical content or the standard format. Formal publi- 
cation is expected from the Japanese Standards Associ- 
ation within a year. 


2. Standardization of the MMS companion standard 


International standardization activities of each com- 
panion standard are performed by the ISO/TC184 which 
is in charge of corresponding manufacturing equipment 


and a special committee of IEC/TC65. The robot com- 
panion standard (ISO/IEC9506-3) becomes ISO/ 
TC184/SC2/WG6. The numerical control companion 
standard (ISO/IEC9506-4) becomes ISO/TC184/ 
SC1/WG3. The PC (PLC) companion standard 
(CD9506-5) becomes IEC/TC65/SC65B/WG7. The pro- 
cess control companion standard (DIS9506-6) becomes 
IEC/TC65/SC65C/WGI1. 


In Japan, a domestic committee will be established in the 
special committee of ISO/TC184 and IEC/TC65 and will 
actively participate in the creation of international stan- 
dards. The Japan Industrial Robot Association is in 
charge of the robot companion standard. The Japan 
Machine Tools Association is in charge of the numerical 
control companion standard. The Japan Electronic 
Instrument Industrial Association is in charge of the PC 
(PLC) companion standard and the process control 
companion standard. 


3. Progress of the MMS International Standardized 
Profile (ISP) 


MMS was developed as one application level of the open 
system interconnection (OSI). In ISO, development was 
not an OSI promoted source (ISO/IEC JTC1) of TC184 
(industrial automation) and is still not formally recog- 
nized in the OSI world. In TC184/SC5 which is the 
development body of MMS, activities have begun for 
formal recognition of JTC! as one service element of 
OSI. To do this, the required technical document is 
called the International Standardized Profile (ISP). 


In a word, ISP is a common global implementation spec- 
ification. The different implementation specifications 
determined based on ISP and several groups advocated by 
OSI will be unified; this will be desirable in MAP. 


ISP was assigned to and created by work groups in three 
regions with mutual approval and was uniformly shared 
worldwide. Agreement by the three regions is necessary to 
achieve ISP and this agreement is unique. This cooperative 
work is called harmonization. The three regional work- 
shops are the OSE Implementors’ Workshop (OIW) in 
North America, the European Workshop on Open System 
(EWO) in Europe, and the Asia Oceania Workshop (AOW) 
in Asia and Oceania. Their secretariats are the National 
Institute of Standards and Technology (NIST) in the 
United States, AFNOR in France, and INTAP in Japan. 
Specialists in each protocol of each level are gathered and 
special interest groups (SIG) are being formed in each work 
group. Already existing SIGs related to MMS are MMS- 
SIG and EG-MMS in OIW and EWOs, respectively, and 
they have promoted ISP activities, but there is no MMS 
group in AOW which was a problem. Since this was based 
on a special situation in Japan, OSI standards, implemen- 
tation specification (function standard) review, and inter- 
national studies were performed by INTAP, however, only 
MMS was under the responsibility of IROFA. But it was 
decided to establish the MMS-SIG in AOW at the AOW 
general meeting in April 1992. That secretariat and oper- 
ations base in Japan were placed in IROFA. 
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Currently, MMS’s ISP is close to completing the profile 
denoted by AMM11. AMM11I is the MMS general use, 
basic profile. MMS service is a minimum set that only 
includes the status outside of essential services in the 
standard. 


In addition, new actions that should be noted are the 
decisions on the ISP implementation specification of the 
MMS companion standard, on the responsible regions, 
and on the work schedules. Work began by undertaking 
the compilation of the robot companion in AOW and the 
numerical control companion in EWOs. 


Preparation of the MAP Product Database 


In IROFA, cne link in the dissemination of MAP prod- 
ucts was building a database related to the circumstances 
for producing MAP/MiniMAP (FAIS) products, and 
planning and beginning a system service that can be 
freely searched for data the user wants to know. Cur- 
rently, the database has recorded about 106 systems of 
MAP products at 19 major domestic companies. Of 
these, 39 systems passed the MAP compatibility test. 


The MAP Product List that lists the collected data was 
created at that time. MAP products (full MAP and 
MiniMAP) are classified into the five categories of (1) 
interface boards, (2) independent devices with inter- 
faces, (3) application software and basic software, (4) 
transmission equipment and other equipment, and (5) 
relay equipment and MAP/EPA. (See Table 1 for 
details.) Of course, the product specifications in the 
registered information include items that users would 
like to know like product type, sales status, product 
functions and features, price, delivery, and contact for 
inquiries. This MAP product database is useful in 
gaining an understanding of the current state of MAP 
products and decision material for model selection. 


Future MAP Development 


The MAP/TOP World Alliance accomplished its main 
mission of the 1993 edition of the MAP/TOP 3.0 Spec- 
ification. In the future, the era of searching for the form 
and role of the new MAP will be encountered. 


The dissemination of MAP has never attained initial 
expectations, but the private users’ group, an organiza- 
tion that continues activities on a global level on 
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advanced proposals, demonstration test facilities, and 
compatibility tests on many standardization activities 
for over 10 years, is a magnificent model of international 
cooperation. 


As for the networks needed in CIM in Japan, a variety of 
private networks (proprietary corporate networks) exist 
in field networks situated in the lower level of MAP. 
Their existence is not ignored. 


Therefore, the Japan MAP Open Committee developed 
the common technical specifications for open systems 
capable of interconnecting various private networks that 
are developed in this lower level of Full MAP and 
MiniMAP proposed earlier. Next, with suppoit of MITI, 
research was carried out on demonstration tests that 
used a gateway (prototype) implemented by this 
common technical specification. 


On the other hand, the MAP/TOP Global Alliance 
examined long-term issues at this year’s meeting and 
regional representatives were sent for each of the fol- 
lowing themes. Each regional representative expressed 
interest on various themes, but only a few were settled. 
Issues of concern to each region were individually 
tackled. 


(1) Manufacturing/industrial focus 


(2) MAP in the context of other factory communication’s 
technologies 


(3) Small and medium size company use of MAP 

(4) Enabler and application software for MMS utilization 
(5) Focus on MAP promotion to encourage its use 

(6) Link to other OSE components 


(7) Maintain and enhance MAP 3.0 Specification 
(including more to smaller documents) 


(8) Connect with IMS projects 


In the future, Japan will work with the American and 
European MAP users’ groups and international contri- 
butions are expected in this field of activity. However, 
more effort is needed from the participants. 





Table 1. Registered Classes of the MAP Product Database 


























Class Product Class Pertinent Class 

A MAP interface board MAP interface board 

B Independent equipment with MAP interface Mainframe computers, minicomputers, workstations, personal computers, 

PLCs, robots, NCs, MAP adapters, network test equipment, etc 

Cc Application software packages, basic software Application package based on API (or suitable product), product with suit- 
able protocol stack under API (or suitable product) 

D Transmission equipment, etc Head end remodulator, trunk amp, head end auxiliary equipment, modem, 

coaxial cable, taps, connectors, etc. 
E Relay equipment and MAP/EPA Gateway, MAP/EPA, routers, bridges, repeaters, etc. 
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[Text] 


Introduction 


As a national laboratory, the Mechanical Engineering 
Laboratory (MEL) is responsible for creating new tech- 
nologies in research fields in a wide range of basic 
research on machinery technology. One central research 
field is research on industrial machinery. In this paper, I 
focus on research derived from industrial machinery and 
present research on machinery elements in manufac- 
turing systems. Within this limited lineup, principal 
basic research involves issues in various research strate- 
gies from small-scale element research to large-scale 
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R&D projects in progress with the cooperation of out- 
side research institutes, for instance, in related indus- 
tries. (The old Large-Scale Project and Next Generation 
Industrial Basic Technology Development System have 
been unified since 1993.) First, I will present an over- 
view of related research being carried out at MEL, then 
describe ideas on future research directions. 


Research Overview 


Table | shows research themes closely connected to 
industrial machinery focusing on manufacturing system 
and machine tools in MEL. In Table |, this research is 
classified as research on machinery and machine ele- 
ments, research on measurement and control, and 
research on manufacturing systems. A brief description, 
and the starting and ending years for each research 
theme are listed. It shows the technical content of each 
research theme and what is the established goal for the 
beginning and the end. A large part of the current 
research themes reflects past research developments. 
Therefore, explaining the research situation at only one 
time is unsatisfactory. However, | believe this is one 
arrangement to enable understanding of the current 
situation. Numbers enclosed in brackets in this paper 
correspond to numbers in Table |. 





Table 1 Research Themes at MEL (1993) 












































Number Research Topic Period Description 
Machine Elements 
| Research on the transmission characteristics of 1991-1993 Empirical analysis of gear's vibration, noise, 
machine elements torque, and torsion characteristics 
2 Research on damage to the rolling surface 1993-1996 Explanation of rolling fatigue of steel surfaces 
3 Basic research on tribological control of 1993 Explanation of the phenomena between surfaces 
machine elements by electromagnetic fluid in contact where a concentrated load and a 
shearing force act simultaneously 
4 Character recession of machine tool parts 1992-1994 Evaluation methods of sleeve, thermal transmis- 
joining parts sion, and friction characteristics 
5 Development of block forging technology, 1993-1995 Empirical explanation of the deformation char- 
silencing technology for forging machines acteristics of forging, measuring the sound sur- 
face vibration characteristics and transmission 
route 
6 Foundation of comfortable machines 1991-1993 Proposal of new machine concepts based on the 
biological rhythms of person operating the 
equipment 
Measurement and Control 
7 Research on measurement technology of large 1993-1995 Planar measurement method using hologram 
diameter plane mirrors by hologram elements elements that use a liquid surface as the refer- 
ence 
& Research on new optical function element tech- 1989-1993 Development of noncontact and real-time mea- 
nology using information processing surement methods of the rotational speed and 
the center of rotation 
9 Research on wavelength sweeping interferometer 1993-1994 Measuring the shape of large uneven objects and 
technology objects with level differences by interference 
applying wavelength sweeping 
10 Research on hologram interferometers using 1991-1994 Research on high precision shape measurement 
high precision shape measurements methods for mirror surfaces 
i Control technology for mechanical structures 1992-1994 Generation and control methods of unified 
operation stressing units of multiple devices 
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Table 1 Research Themes at MEL (1993) (Continued) 
Number Research Topic Period Description 
12 Research on intelligent control process 1989-1993 Real-time intelligent process control methods 
technology and processing diagnosis 
13 Research on magnetic levitating, absolutely sta- 1991-1995 Development of absolutely stationary stage by 
tionary stage systems 4-point supports and control methods for 
minute vibrations 
14 Research on virtual space machine technology 1991-1995 Heat compensation for machine tools and work- 
pieces using neural networks 
15 Ultraprecise machining process technology 1992-1994 Meihods to improve the heat characteristics of 
(advanced processing system) air control pressure axis and process system 
compensation 
Manufacturing system 
16 Research in advanced human interface 1992-1994 Interface functions rich with recognition abili- 
technology in machine tools ties having multimedia functions 
17 Basic research on knowledge representation 1993-1995 Expert systems for machining using a process 
methods for processing and search and inference database 
methods 
18 Conceptual design system with advice functions 1992-1994 Create system development tool for design 
guides 
19 Research on next-generation manufacturing ele- 1991-1993 Intelligent database for processing support 
ment technology 
20 Research on manufacturing system integration 1991-1993 Display of the conditions of manufacturing 
system description methods and construction 
methods 
21 Research on advanced compound welding sys- 1991-1993 Development of welding systems for different 
tems for different materials materials of heat resistant and anticorrosive 
alloys 
22 Research agent construction in new software 1991-1997 Research on object oriented languages for design 
structured model machine design and planning algorithms based on the agent con- 
cept 
23 Ecofactory technology 1993-1994 Leading research on decreasing waste and recy- 
cling in the product life cycle 
24 Research on appropriate methods to use a logic 1988-1993 Research on condition oriented, design 
programming environment for creating intelli- languages 
gent processing systems in machine design and 
manufacture 
25 Research on formally creating CAD/CAM data 1990-1993 Creating a CAD data exchange processing 
exchange processing systems system 
26 Research on technology to build next-generation 1991-1993 Autonomous distribution of system elements 
manufacturing systems and their integration technologies 
Processing technology 
27 Control by laser discharged in processing liquid 1992-1994 New processing technology dielectric using elec- 
tric-discharge dielectric properties from lasers 
28 Quality improvement of stamped products 1992-1994 Factor analysis of errors in micro stamping pro- 
cessing 
29 Basic research on fine grinding mechanism of 1991-1993 Malleable mode grinding of ceramics 
hard, brittle materials 
30 Research on high quality grinding of new com-. 1992-1994 Creep feed grinding of FRC 
pound materials 
31 Thermal chemical machining of non-dielectric 1991-1993 Combination of machine processing of axial 
ceramics symmetric shapes and discharging in electrolyte 
32 Improving welding and reforming techniques 1992-1994 Development of thermal CVD, hybrid CVD, 
and electron beam alloy methods 
33 Research on improving ultraprecise grinding 1992-1994 Evaluating oxygen-free copper, small convex 





and find processing methods 








mirror surfaces and new processing technology 
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Table 1 Research Themes at MEL (1993) (Continued) 
Number Research Topic Period Description 
34 Reseaich io improve ultraprecise grinding and 1987-1993 Development of plasticity process simulator 
fine processing methods 
35 Research on beam-aided hybrid processing tech- 1987-1993 Film formation by laser plasma-enhanced 
nologies hybrid CVD methods 
Leading edge processing systems 
36 Research on original technology for wide area, 1993-1996 Long wavelength domain grinding and magnetic 
ultraprecise surface shapes lithography in the short wavelength domain 
37 Research on processing highly regular lattice 1992-1996 High precision and highly efficient processing 
material technology through the cooperation of molding, 
joining, and machining processes 
38 Research on manufacturing technology for 1991-1995 Direct manufacturing technology for highly mal- 
highly functional, metal thin plates leable thin places having uniformly fine crystals 
39 Advanced laser processing systems 1993-1997 Surface reforming and shape measuring by 
advanced application of lasers 
40 Research on surface processing and quality 1992-1995 Development, control, and evaluation of wear- 
improvement technology resistant surface reforming methods 
4) Compound micro processing technology (micro- 1991- Fine grinding processing, ion injection, micro 
machine technology) joining 














The content and position of each research is outlined for 
the class of technical elements in manufacturing 
machinery technology. Of these, the themes from ecofac- 
tory technology and the IMS Project addressed in this 
paper are briefly described [23], [19], [20], [26]. 


1. Machine elements 


The research themes shown in Table | supplement the 
themes for clarifying phenomena. 


In research on the transmission characteristics of 
machine elements, tests are performed on power losses 
of high tooth adjusting gears. The main factors demon- 
strated were windage loss and agitation loss. Windage 
loss is proportional to the speed from the power 2.3, and 
agitation loss clearly exhibits exhaust in the axial direc- 
tion of lubricating oil of the claw part. The aim is to 
establish new design methodologies to revise established 
theory [1] by systematically advancing these tests. Simi- 
larly, in research on bearings, there are research on the 
rolling fatigue of bearings, research emphasizing the 
explanation of proposals and phenomena of new models 
represented in abnormality diagnosis technology using 
acoustic emissions (AE), and research emphasizing the 
development of new elements for added value, making 
prototypes of ceramic bearings and analyzing their 
behaviors, and determining the suitability of silicon 
nitride as the material for rolling bearings [2], [3]. 
Research is also proceeding on collecting basic data and 
evaluation methods to evaluate wear when ceramics are 
used on the sleeve surface [4]. 


There is both the accumulation of long-term experi- 
mental research and research that advances basic ele- 
mental technologies one step at a time [1 ]-[5]. 


In research on comfortable machines, the proposal 
assumes “when machines are driven by the biological 


rhythms of the people operating them, the feeling of a 
united body of the operator and the machine is born and 
the operator feels comfortable.” In the desire to apply 
this to machine tools, experimental research using heart- 
beat signals is underway [6]. 


Research on structural materials continued in the 1980s 
research on ceramics, FRP, and adhesive structures used 
in machine tool structures like the base. Measurement 
data related to changes over the years are being accumu- 
lated on the adhesive structure milling machines devel- 
oped using the elements of steel plates and steel tubing 
joined by epoxy adhesives. 


2. Measurement and control 


Control that uses the machine’s behavior, measurements 
of process phenomena, and their data are widely studied 
from the two perspectives of theory and practice. 


In research on an absolutely stationary stage based on 
magnetic levitation, in order to isolate vibrations trans- 
mitted from below the stage, such as a floor, the feeling 
of a solid body consisting of the stage and the floor are 
removed. The absolute system that is the reference is not 
determined externally but is the absolute speed. In order 
to improve the resolution of speed measurements, a 
major feature of this research is to determine a reference 
in absolute acceleration. Previously, tests on vibration 
isolation in the forward direction of a ship where four 
magnetically levitated machines were located on an 
aluminum honeycomb structure foundation (50 kg) have 
been successful and vibrations from 2 to 800 Hz were 
suppressed. In the future, studies will be added on 
suppressing air swaying caused by noise and controlling 
vibrations in three directions. These kinds of control 
methods are expected to be future successes as funda- 
mental technologies which are to be widely used in 
ultraprecise machine environments [1 3]. 
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Although proposals are appearing for various methods of 
optical shape measurement technology research, the cur- 
rent central theme is based on interferometer methods 
using lasers [7]-[10], [15]. For example, control systems 
are being developed based on noncontact measuring of 
the relative positional relationships of the processed 
surface and tool position. At a resolution of 10 nm, 
measurements across a 80 mm stroke become possible. 
In addition to future studies on various methodologies, 
research is expected to continue on on-machine and 
in-process measurement technologies. 


In addition, research is proceeding on ultraprecise posi- 
tion setting using piezoelectric elements. 


Research continues on obtaining higher precision and 
advanced functions centered on machine tools from 
different angles in algorithmic control. In research on 
intelligent control processes, tests are continuing on 
detecting process resistance by distortion sensors inte- 
grated with the rolling bearings. Then, tests are per- 
formed for abnormality diagnosis of the process by 
processing this signal. This diagnosis is performed by 
knowledge processing control equipment based on an 
inference mechanism using expert knowledge. The fea- 
ture of this coniro! equipment ts picserving Uae ical-urme 
nature from the perspective of controlling machine tools. 
That is, “required control operation is completed to 
avoid an abnormality before a fatal breakdown of the 
process system by an abnormal condition or deteriora- 
tion of the tolerated process precision.”’ Therefore, con- 
trol equipment is event-driven and has a hierarchical 
structure. In the end mill process that uses computerized 
numerically controlled (CNC) machine tools, it has been 
verified that after information generated by chatter 
vibrations is received, control can be completed in 0.8 
seconds until its disappearance [12]. 


The temperature of each part in a machine tool is 
measured and the heat deformation of machine tools is 
estimated using neural networks. Prototypes of control 
systems that compensate for changes due to heat defor- 
mation are being created and studied. This research is 
used where air conditioning constitutes over 60 percent 
of the energy used in a factory with high precision 
machine tools. This research is founded on the recogni- 
tion that high precision processing ii a normal environ- 
ment is indispensable in order to reduce energy con- 
sumption in the factory. In other words, this proposes 
ways to use machine tools that are kind to the earth. In 
experiments using milling machines, the possibility of 
learning control that positions within a minimum preci- 
sion of 5 um in a temperature difference of 5° is 
indicated [14]. 


3. Manufacturing systems 


The research subject is a system of an assembly of 
machines. By including current successes of information 
processing technology in machine technology, manufac- 
turing machines which were previously unavailable will 
be created. In addition, new functions can be provided in 
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manufacturing machines acting as a system. These are 
represented, for instance, by NC machine tools and 
robots. A manufacturing system is a system concept that 
focuses on machine tools in which manufacturing tools 
have a central existence. 


Research on next-generation manufacturing systems is 
being advanced through international collaborative 
R&D on technological developments that provide high 
level integration, modularity, and independence in open 
architecture [20]. In research in this field, the technology 
of software systems plays a major role [16]-[18], [21], 
[24], [26]. 


As for design systems, by developing an object-oriented 
function design language (FDL) containing conditions 
and database functions and tests that exercise the spindle 
design of a lathe, it will definitely be effective as a 
general-purpose tool for routine design tasks. Also, coop- 
erative planning algorithms based on the agent model are 
being developed and applied to machine assembly and 
disassembly to allow flexibility in unforeseen situations. 


Research is underway on the development of interna- 
tional standards related to the representation format of 
ihe product data model. A prototype CAD data exchange 
system is created, and testing and evaluation methods on 
the compatibility of data based on the exchange tests are 
determined [25]. In the automation of design and man- 
ufacturing processes, determining the standard form of 
the model’s representation of target products achieves 
technological leadership as well as provides a research 
base and encourages further development. 


Standardization research is continuing centered in the 
factory automation (FA) field, but it is very important to 
advance standards developed simultaneously with R&D. 
As a national laboratory, MEL is promoting the expan- 
sion of research preceded by standardization and con- 
tributing to the creation of international standards from 
the position of international research collaboration. 


In addition, technology to build future machine systems 
and research on distributed machine group control 
methods are examined from the perspective of flexibility 
and extendability. 


4. Processing 


A major research subject at MEL in manufacturing 
machinery is process technology. 


Process technology is a utilization technology for process 
machines and tools for creating the desired shapes 
without damaging the properties of the target process 
materials. Moreover, this technology provides stable 
desired features in the materials like welding and surface 
reforming. Research on processes includes research to 
determine the optimum process conditions in the given 
materials and research on the deterioration of tools 
occurring over a long period of time. Data is being 
accumulated [28]. 
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To advance more precise processes, research is emerging 
to clarify the process's phenomena at the material's 
atomic and molecular levels, new processing methods, 
and the fusion and combination of each process [27], 
{29}-[31], [33], [36]-[38], [41]. 


The research includes improving the surface from the 
perspective of tribology. Starting with lasers, process 
techniques using beams differ from previous machine 
processes. As a result, practical use by combining with 
existing technologies is beginning [32}, [35], [39], [40]. 


Research is underway on processes for hard to grind 
materials that do not damage the material's characteris- 
tics and process under optimum conditions in principle 
when new materials emerge. Also, a database is used and 
research proceeds on the process conditicns for 
unknown materials [17], [21]. 


In the development of new materials, its molding (pro- 
cess) technology development must accompany it. The 
research directions in machine technology must develop 
both new machines and new materials and advance 
based on their cooperation. 


Future research to compute and clarify the phenomena 
using computer simulations is critical in this field [34]. 


Future Trends in Research on Manufacturing 
Machinery Technology 


1. Research directions at MEL 


Machine technology stipulates the forms of functions 
that should be carried out by the machine and imple- 
ments them through the transmission of power and 
motion. Current machine technology is based on 
mechanics and is developing by actively introducing 
information science, materials science, and mathe- 
matics. Machinery technology is the basic technology 
that supports all manufacturing. When each one is 
looked at, the two bases of basic research and applied 
research are developed through adept mutual develop- 
ment. 


As a national laboratory, we must have a clear position 
on how research should proceed. It 1s crucial to have the 
two perspectives of original research to produce technol- 
ogies that give rise to new industries and research on 
important technologies for products of advanced tech- 
nology and to establish mechanical systems that support 
social systems. At MEL, the research objective is to 
create advanced mechanical technology in harmony with 
people and the environment. As shown in Figure 1, the 
major objectives of the research are to understand 
autonomy, microminiaturization, and concurrency. 
These directions have been explained in this paper and 
are identical to research on industrial machines centered 
in industrial systems. 


Autonomy means the target machine system indepen- 
dently performs its tasks, without receiving assisting 
instructions, by making decisions based on a model of 
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itself and of its environment. This means the system has 
the ability to perform in harmony with other machines, 
or people depending on the situation, and has a high 
level of independence. This concept includes imple- 
menting intelligence, automation, and advanced func- 
tionality. To address the aging of skilled workers and the 
dearth of young workers, high functionality of machines 
is also being promoted while planning for the harmoni- 
zation of man and machine. 


The research direction on autonomy is closely related to 
manufacturing systems. To advance mutual cooperation 
between the movement of objects and the transmission 
of information between machines in a distributed struc- 
ture, the group of machines in a system is recognized as 
a manufacturing system. The number of machines, 
which ts a critical element in mutual cooperation, ranges 
from 10 to 100 and is moving towards 1,000. In these 
kinds of systems, management which is premised on the 
autonomous nature of each machine becomes essential. 
In addition, research observing the key words of auton- 
omous, distributed, and integrated is important from the 
perspective of maintaining redundancy and flexibility. 
Autonomy can pursue the criterion found in living 
organisms. 


Microminiaturization designs for the miniaturization of 
machines by targeting structures of mechanical systems 
that have advanced functions, and planning for the 
realization of superior medical care for people, or facil- 
itating the maintenance of complex machines and sys- 
tems. The course is moving towards establishing better 
defined bounds of mechanical technology. Research on 
microminiaturization is not only the microminiaturiza- 
tion of machines, but involves a range of material 
technologies and energy technologies. 


Greater precision related to manufacturing machines 
can be described as microminiaturization. The pro- 
cessing precision of machine tools is moving from one 
millimeter of the Industrial Revolution, to one 
micrometer, then to the order of nanometers. Within this 
trend, the measurement light source changed from vis- 
ible light to ultraviolet light, then to X-rays. Shorter 
wavelengths in the energy beam for light sources used in 
fine processing are also rapidly developing. 


Concurrency designs for breakthroughs by integrating 
technologies or systems built in a distributed or sequen- 
tial form into the concept of concurrency (simulta- 
neously parallel). It has a far-reaching meaning that 
includes concurrent engineering in manufacturing. In 
the manufacturing field, not only manufacturing systems 
composed of design and manufacturing technologies, but 
restoration systems composed of disassembly and mate- 
rial recycling technologies must be considered. More- 
over, even in the energy problem, a concurrent view- 
point is required to gain comprehensive understanding 
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in order to harmonize the environment with the gener- 
ation of carbon dioxide caused by using fossil fuels for 
energy. 


There are rapid developments in the computer industry 
and accurate simulation using computer models is a 
critical technology in developing concurrency. To 
advance this research, a wide range of theoretical and 
experimental research is necessary. 


2. Future research themes and their contents 


Illustrated below are research themes that must be devel- 
oped in the future and are directly related to manufac- 
turing machinery technology. 


e Use and processing technology of diamond thin film 


The use of diamond thin film is expected to be devel- 
oped for sensors and semiconductor materials, in addi- 
tion to developing areas that use them for their hardness. 
Technologies for manufacturing and processing the 
material properties and shapes to match the objective for 
using diamond thin films must form the new industrial 
base for the future. This research is typified by research 
in microminiaturization. 


¢ Strain free processing technology 


Corresponding to their use objective, new materials 
created by controlling structures at the molecular and 
atomic level as in C,,. and carbon nanotubes demand the 
use of new processing technologies like advanced laser 
processing, STM processing, and annealing technology 
operated at the microscopic level that will not destroy 
the material’s structure. Heat problems which arise 
during micro processing must be conquered. This 
research is related to microminiaturization. 


¢ Mechanical technology using the skills of expert tech- 
nologists 


Research is essential on the systematization and analysis 
of machine functions and action controls in order to 
reproduce the skills, explanations of the uses of senses, 
actions and extent of human strength, manufacturing 
process systems that understand common sense as tech- 
nologies to reproduce and apply in practice based on 
systems that use robot engineering and possess the 
high-level technical skills held by expert technologists. In 
addition, in the manufacturing environment, the 
research targets are machines that have human interfaces 
which stress suitable operability and humanity, and 
technologies where the creativity exhibited only by 
people is guided and manufacturing activities are per- 
formed. This research is moving in the direction of 
concurrency and autonomy. R&D related to the research 
content of human media and master machine technology 
(tentative name) and preparations are proceeding for 
advanced research that must begin in the Industrial 
Technology Group in 1994. 


The above research is flanked by technologies to advance 
new industries. Research is important from the perspec- 
tive of implementing these kinds of technologies in the 
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areas of daily life or preparation as technical infrastruc- 
ture in industry. Research on the standardization of 
advanced technology is representative of this. 


Conclusion 


Research at MEL centers on basic and fundamental 
research. Basic research has the objective of bringing 
about the creation of new technologies and is connected 
to a wide range of fields. This means the results of the 
themes presented here will have a major impact on 
technologies related to manufacturing machinery in the 
future. For example, research on welfare devices are not 
directly related to industrial machinery technology, but 
this technology must consider the perspective of man- 
machine interfaces with the participation of senior citi- 
zens and the disabled in society and the perspective of 
the necessity of building a new manufacturing system's 
structure for machine production that corresponded to a 
variety of circumstances of each user. 


In this paper, I presented an overview of research 
underway in the Mechanical Engineering Laboratory 
and described directions for the near future. At MEL, 
research is performed on (1) robot engineering, (2) 
energy engineering, and (3) biomechanical engineering 
for manufacturing machinery, and (4) on measuring and 
controlling materials. These research areas are devel- 
oping in close mutual association. The results are both 
directly and indirectly related to manufacturing 
machinery. Micromachine technology is one notable 
technology with hidden possibilities. 


Research results of the Mechanical Engineering Labora- 
tory are primarily expressed in the form of technical 
contributions beginning with conference papers in spe- 
cial fields. Also, research topics are adopted at the 
monthly meeting of the Mechanical Engineering Labo- 
ratory and the monthly MEL News. 
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[Article by Tatsuya Fushiwara, Industrial Science Tech- 
nology R&D Group, General Affairs Department, 
Agency of Industrial Science and Technology (AIST), 
Ministry of International Trade and Industry (MITI)] 


[Text] 


Pioneering Research 


Since 1993, the Agency of Industrial Science and Tech- 
nology (AIST) of the Ministry of International Trade and 
Industry (MITI) has integrated the National Research 
and Development Program (Large-Scale Project), the 
Research and Development Program on Basic Technol- 
ogies for Future Industries (Next Generation Project), 
and the National Research and Development Program 
for Medical and Welfare Apparatus (Medical and Wel- 
fare Equipment Technology Program) under the newly 
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initiated Industrial Science and Technology Frontier 
Program. The Industrial Science and Technology Fron- 
tier Program addresses both (1) fundamental original 
research and development aimed at building new tech- 
nology systems and achieving rapid breakthroughs in 
technology and (2) public, social, and welfare research 
and development on important issues from the perspec- 
tive of the public welfare, and resource problems which 
are difficult to address independently and constructively 
by the private sector. This program is built by examining 
leading research to perform preliminary, basic studies 
and research including studies on the pros and cons of 
developing projects on themes which are difficult to 
immediately develop into projects. 


Ecofactory technology is one pioneering research theme 
which began in 1993. 


Pioneering Research Background To Implement 
Ecofactory Technology 


In Japan, which is faced with problems like space for 
waste disposal, there is a great deal of concern about 
existing problems of waste treatment and resource recy- 
cling. Related research is now being performed in each 
field. For example, in MITI’s Large-Scale Project, R&D 
has been performed for 10 years from 1973 to 1982 (total 
budget ¥ 12.6 billion) with the objective of harmoniza- 
tion of effective resource utilization and municipal waste 
processing; acceptable results were obtained. 


Almost all of the research on waste focuses on the 
problem of how to efficiently process current waste and 
is completely independent of the manufacturing field. 
Realistically, technology development concentrated on 
burning or burying waste. Research on recycling 
resources involved no more than a portion of recycling 
techniques where quality drops. 


However, the inability to apply conventional recycling 
processing due to the appearance of new materials to the 
substantive problems of the wastes initially conceived 
was added to Japan's waste disposal problem. There is 
an increasing seriousness in processing problems. 


However, mechanical technology is anticipated as an 
effective technology to solve these problems. Mechanical 
technology is broadly classified into manufacturing tech- 
nology, organization and design technology, materials 
technology, robot and intelligent technology, and energy 
technology. Later, major developments came with the 
fusion of information systems and bioengineering. In the 
future, to respond to societal needs and to search for new 
needs, the major directions of the harmonization of the 
machines environment, micro systems, and autonomy 
are being formed and developed. 


Environment harmonization considers applying 
machine technology to conquer major problems in cur- 
rent social systems like decreasing pollution sources, 
repairing the environment, and effective use of resource 
energy. Within the various limits in the social system, 
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new environmental harmonization factors will be intro- 
duced and implemented in manufacturing systems. 


Microminiaturization will be a complete paradigm shift 
of machine technology based on the principle of moving 
machines towards miniaturization, high precision, and 
function integration. That is, technology research will 
involve determining how to construct micromachines 
and effectively include phenomena characteristic of the 
micro domain not handled by previous machine tech- 
nology systems. 


Autonomy will allow us to pursue new machine control 
technologies to equip machines with more advanced 
automation, higher level functions, and harmonization 
of humans and machines. 


Until now, industrial products were manufactured by 
manufacturing systems based on ideas from the manu- 
facturer’s position on how to decrease costs and high 
quality manufactured products. However, almost all 
product processing which was used was left as the 
responsibility of the government of each region. These 
dismantling systems were completely independent of the 
manufacturing systems adopted by the manufacturers. 


Therefore, systems limited only to manufacturing 
attained highly advanced levels. But when the severity of 
postprocessing problems of actual engineering products 
is examined, the product life cycle is adopted as the total 
system. By introducing the concept of building superior 
products, the concept of the ecofactory was born because 
of product manufacturing and processing problems after 
use is troublesome from the perspective of social sys- 
tems. 


The Concept of the Ecofactory: Ecology Conscious 
Factory 


The life cycle of industrial products, the primary targets 
in ecofactory technology, can be roughly classified into 
the manufacturing system of (1) design and (2) manufac- 
turing, and the reduction system of (3) disassembly and 


(4) recycling. 


An ecofactory is thought of as the whole system of the 
complete product life cycle process from (1) design to (4) 
recycling. The whole system is technologies seeking the 
optimum values related to the primary factors of the 
product’s manufacturability, economy, marketability, 
performance, and reusability. 


In other words, the fundamental idea behind the ecofac- 
tory is to introduce the idea of reusability in addition to 
manufacturability, economy, marketability, and perfor- 
mance which are the basic evaluation factors in manu- 
facturing conventional industrial products. 


However, reusability conflicts with the product manu- 
facturing norm which to date has pursued only the 
manufacturing system. There is a great danger of the 
products themselves not having any market value. 
Namely, the introduction of reusability to extend current 
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manufacturing technology becomes a definite drawback 
in terms of evaluating conventional product manufac- 
turing and marketing the product becomes difficult. 


As a reSult, design technology that considers reusability 
beforehand must be established. Further, even in the 
manufacturing field, disassembly field, and recycling 
field, technology that considers reusability 1s introduced. 
Based on technological innovations in all of these fields, 
the optimum technology (the ecofactory technology) for 
mutual cooperation must be developed. 


In this way, ecofactory technology is independent of 
conventional ideas about manufacturing technology and 
recycling technology. It is premised on (1) maintaining 
economic standards as product costs increase substan- 
tially and (2) not inviting a drop in product performance 
standards like product safety and efficiency. Ecofactory 
technology defines product manufacturing and reduc- 
tion technology in which lower material quality does not 
result so the materials are used again after recycling in 
the same place in the same product. 


The Relationship Between Ecofactory Technology and 
Energy and Resource Conservation 


When looked at from the perspective of natural 
resources and energy, ecofactory technology keeps the 
introduction of new technology to a minimum when 
possible and reduces waste. 


When only manufacturability, economy, marketability, 
and performance in manufacturing systems are stressed, 
inexpensive high quality materials are sought and often 
imported. Processing after these materials are made into 
products sends partial products overseas, but the vast 
majority are burned or buried after the useful portion of 
materials was extracted in disassembly and separation by 
hand or by conventional separation techniques. No plans 
existed to improve efficiency and manufacturability, 
thus, the amount of waste increased in proportion to 
product quality. By introducing ecofactory technology 
products, the rate of return from the reduction system to 
the manufacturing system will be increased resulting in 
major savings of resources and energy. 


The Relationship Between Conventional Recycling 
Technology and Ecofactory Technology 


Recycling technology is analogous to ecofactory tech- 
nology. Recycling technology 1s reduction system tech- 
nology to break, separate, and reprocess manufactured 
product waste. 


The recycling concept can be broadly classified into the 
following four categories: 


(1) Energy recycling where raw materials are burned and 
recycled as heat energy 


(2) Cascade recycling that recovers and collects materials 
for the same system, however, the quality of the mate- 
rials decreases 
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(3) Recycling mix where reuse is possible and a large 
quantity of new materials are added in order to prevent 
a major decrease in the quality of the materials 


(4) Single recycling where material is circulated through 
only one cycle 


When compared to ecofactory technology, this corre- 
sponds to 


(1) Material cycles where resources in the form of mate- 
rials and parts are usually circulated 


(2) Horizontal recycling where materials do not have 
lower quality after recycling 


(3) Full cycle where reuse is possible only after recycling 


(4) Multi cycle that does not stop at only one cycle but 
focuses on multiple cycles 


As a result, materials were burned as heat energy in the 
past. In collecting materials and parts and recycling 
materials, the objective 1s a technique that does not 
lower quality no matter how many times the material 1s 
reused. 


The Promotion and Research System for Pioneering 
Research on Ecofactory Technology 


1. Promotion methods 


Definite future promotions will conduct studies centered 
on the following issues. 


(1) Deriving the relationships between social system 
problems and ecofactory technology 


In research on ecofactory technology, future ecofactory 
technology must be examined for actual inclusion into 
social systems. Therefore, not only research on ecofac- 
tory technology, but the problems of the ecofactory 
technology and the social system, such as how to collect 
and transport products or what the relationship should 
be with conventional recycling technology for product 
cleaning and pulverization, are all clarified. Then. 
assumptions are made about the social system and given 
this premise, discussions will intensify. 


(2) Determining target products 


To examine the possibility of constructing a system that 
embodies the ecofactory concept in addition to clarifying 
the relationship with social systems, the prerequisites 
become analyzing each technology suck as manufac- 
turing and disassembly. In order to compile the discus- 
sions, one or two target manufactured products are 
selected and the studies are limited to them. 


The point that must be considered for the selection 
standard is the degree of compatibility to the scale of 
production. There are many perspectives such as, 1s 
recycling possible from a futuristic and technical per- 
spective, or will recycling continue to be demanded by 
society. Products designated in recycling laws will be 


targets. 
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When we consider extending future research content 
into the finer points of each technology, whether the 
product or product parts regulations are appropriate 
must be determined. Depending on the situation, studies 
must proceed on each part. 


(3) Establishing a time frame for using technology in 
society 


Discussion is continuing on the target completion date 
for ecofactories. Developing the project is assumed as 
the first target, then element technology will be estab- 
lished within the next 10 years. Plans to implement it 
over the following 10 years are thought to be appro- 
priate. 


In this case, establishing a cycle to demonstrate the 
ecofactory concept is ideal, but in relation to the possi- 
bility of achieving the goal within this time frame, 
sufficient re-examination is carried out. When devel- 
oping and implementing an ideal cycle is judged to be 
impossible during the assumed time frame, the necessary 
conditions for the standards, that is, maintaining quality 
and the material cycle, are given priority. In addition, 
what conditions exceed the minimum should be deter- 
mined. 


(4) Defining the idea of ecofactory products and exam- 
ining the possibility of cycle completion for every 
product 


The structural materials, assembly methods, and special 
functions for the products imagined to realize the eco- 
factory concept for every product determined in (2) will 
be defined and concepts about products that satisfy the 
ecofactory standard are clarified. Further, when the 
ecofactory is developed into a system from design to 
reproduction, the system that integrates technologies of 
whatever form must be studied. In this phase, a detailed 
examination of the techniques of every path for design 
and manufacture are deferred until later. However, while 
continuing to thoroughly understand the technology, a 
system structure will be implemented. 


(5) Understanding the technology trends of every process 
and extracting technical development issues 


Technology trends in every process that comprise the 
assumed system are determined. In addition to deriving 
technical development issues needed to realize the future 
target system, mutual technical relationships are also 
studied and technical issues during system construction 
are defined. 


(6) Basic research review (cooperation with national 
laboratories) 


The Mechanical Engineering Laboratory, the National 
Institute for Resources and Environment, and the 
National Institute of Bioscience and Human Technology 
are involved in basic research on new technologies for 
each process in the ecofactory. This research defines 


what contributions will be made to the ecofactory con- 
cept being examined in committee, propose needed basic 
research based on the circumstances, and promote 
research for fiscal year 1994. 


(7) Studying the possibility of developing projects 


After the technical issues of each process to establish the 
ecofactory and to develop the system are clarified, 
studies will begin on developing these research problems 
into projects in the Industrial Science and Technology 
Frontier Program. 


The necessary studies center on whether this issue can be 
built into a new technical concept completely different 
from a conventional technology system. 


In this phase, one method is to propose concepts that are 
completely different from conventional ecofactory tech- 


nology. 


Furthermore, in the review process, when other ideas 
appeared to contribute to the drastic promotion of 
recycling, modifying ideas in the review process was 
needed in addition to aggressively tackling these new 
ideas, so plans will be flexible. 


2. Research system 


As shown below [photo not reproduced], the R&D 
system sets up a planning committee in the Engineering 
Advancement Association of Japan which is consigned 
NEDO research. Here research is collected and placed in 
the technical subcommittee for each technology in 
response to need. Also, a working committee in charge of 
committee business matters is established in the plan- 
ning committee. 


The Mechanical Engineering Laboratory, the National 
Institute for Resources and Environment, and the 
National Institute of Bioscience and Human Technology 
are undertaking basic research on each ecofactory tech- 


nology. 


1993 Research at National Laboratories 


The following research is targeted by the national labo- 
ratories for 1993. 


(1) Design field (product technology) 


Reusability is introduced into the evaluation standard. 
The design technologies and their supporting technolo- 
gies, in order to realize a product life cycle that includes 
tradeoffs to avoid lowering manufacturability, economy, 
marketability, and performance, are 


¢ product cycle model construction technologies and 
database construction technologies needed to opti- 
mize them, and 

e design information system technologies to concur- 
rently solve the tradeoff problems. 
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(2) Manufacturing process (manufacturing technology) 


The objective of national laboratories is not pioneering 
research. 


(3) Disassembly process (disassembly technology) 


Technology able to automatically disassemble a variety 
of target products consists of 


¢ powerful and small-sized autonomous robot tech- 
nology with multiple degrees of freedom to rapidly 
disassemble recognized target disassembly parts into 
individual parts and materials. 


(4) Recycling process (recycling technology) 


The technologies to achieve the development of mate- 
rials with excellent cycle properties and high quality 
cycles for materials are 


* technology to recycle high quality products of low cost 
metal materials like aluminum alloys, and 

* technology to automatically recognize and separate 
various mixtures of materials collected from discarded 
products, and measurement and control technology. 


(5) System development technology 


Technology to design and evaluate the total system 
where various technologies are efficiently combined, the 
performance of each product and quality are not low- 
ered, and the burden on the environment is minimized. 


Examples of Each Ecofactory Cycle by Product 


In item (4) on specific review proceedings, the construc- 
tion materials, assembly method, and special function of 
products assumed when the ecofactory concept is imple- 
mented for each product will be clarified. Here, we 
present a case study of ecofactory technology targeting 
vending machines. This example is referred to until the 
end of this discussion. 


(1) Conception of vending machines manufactured by an 
ecofactory technology system 


Appearance: 
Appearance: Unchanged from the conventional product 


Function: Unchanged from the conventional product 
(design information loaded into memory) 


Strength: Unchanged from the conventional product 
Weight: Lower than conventional product 

(2) Parts and operation-specific technology 

¢ Appearance 


Plastic exterior panels: These will be constructed from 
one type of plastic. Therefore, a plastic with excellent 
recyclability will be developed. 


Metal exterior panels: These will be coated by paints that 
easily peel off and evaporate in special environments. 
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The panels will be made from uniform materials and 
include reinforced materials. New paints and coating 
technologies will be developed. 


Glass panels: These will be easily removed during disas- 
sembly. Therefore, installation technology that performs 
well, even when packing is not used, will be developed. 


¢ Internal construction materials 


They are sturdy while in use, but can be easily taken 
apart during disassembly. Therefore, design methods 
will be developed giving priority to dismantling proper- 
ties like anisotropic assembly and joining techniques 
(easy disassembly by applying pressure from different 
directions during disassembly than during use) and uni- 
directional assembly. 


¢ Money handling system 


On a printed circuit board consisting of a data processing 
unit, sensor unit, and drive unit, each unit performs a 
separate process. The drive unit is constructed from 
various types of uniform materials that are returned to 
the recycling process unchanged. Based on the system 
configuration of the disassembly process, by writing 
disassembly support data into the memory in the data 
processing unit, a more efficient disassembly process can 
be designed. 


¢ Drive unit 


Standard transformers and motors are used. The unit !s 
constructed so that it can be disassembled in one pro- 
cess. 


¢ Refrigeration system 


The types of compressor and pipes are formed into a unit 
to enable disassembly in one process. They are con- 
structed from copper, stee!, and one type of plastic. 


(3) Element technologies required in each process 
¢ Design process 


Overall, in order for disassembly to proceed smoothly, the 
design allows for disassembly from one direction. Design is 
improved so that the use of screws is avoided as much as 
possible and disassembly by only pulling becomes possible. 
When screws must be used, the screws’ positions and 
shapes allow easy discrimination. In addition, new fas- 
tening methods will be developed (design for easy disas- 
sembly). The dismantling methods in the disassembly 
process are stored in memory or on hardcoded markings 
on the surface. While giving priority to disassembly char- 
acteristics, in order to simultaneously achieve manufactur- 
ability, resource and energy conservation, concurrent 
design technologies will be developed. 


To facilitate separating materials after disassembly, the 
units and types of material used will be designed to be as 
few as possible. In addition, by marking each part to 
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indicate its type of material, only the same materials are 
collected and recycling with a high degree of purity will 
be possible. When made from uniform construction 
materials, horizontal recycling of materials whose 
strengths are maintained becomes possible. 


¢ Manufacturing process 


Advances in assembly robots are continuing so that the 
degrees of freedom in designs giving priority to disas- 
sembly are not harmed by restrictions in the manufac- 
turing process. 


If the burden is not lightened on the recycling process, 
there is the fear that energy consumption in the recycling 
process will increase. Therefore, highly reliable pro- 
cessing technologies must be developed so that materials 
with intermediate purity allow recycling with low energy 
consumption in the recycling process and the materials 
can be used in the same way as highly pure materials. 


e Disassembly process 


Advanced disassembly robots will be developed to 
remove each unit from the main body and dismantle 
each one into separate materials. 


¢ Recycling process 


A variety 0° recycling technologies will be developed to 
recycle materials back into raw materials. 


Since at times mixed materials that cannot easily be 
separated into uniform materials and materials cor- 
rupted during use are the targets, horizontal recycling 
and multi recycling must be realized. In this case, after 
shredding, the materials are selected by specific gravity 
and recycled by rheorefine technology. 


Conclusion 


As explained before, ecofactory technology involves 
research that fuses the mechanisms of independenily 
functioning conventional manufacturing systems and 
reduction systems to create and reduce products with 
good overall efficiency. In order to implement this idea 
particularly in machine fields, the idea of reusability that 
does not completely encompass the concepts and evalu- 
ation standards of existing machine technologies is 
included in the machine technology field. Previous ideas 
and paradigms in machine technology will be entirely 
revamped. The research elements will be pioneering, 
difficult, and rich in innovations. 


However, if this technology does not become technology 
that will be used in society, it will be a failure. Conse- 
quently, sufficiently examining the relationship with 
social systems is required. Social systems must be 
reformed in response to necessity. 


Japan has made efforts to build a world class manufac- 
turing system. However, current waste processing prob- 
lems are becoming larger and radical solutions are being 
sought. When improving manufacturability occurs at the 
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individual corporation level and individual collection 


processing is performed by corporations, it becomes 
difficult to solve these problems. 


Specifically, if manufacturability and resource conserva- 
tion are not considered for the whole social system, these 
issues will be difficult to solve. In fact, waste processing 
problems include home appliances and automobiles and 
these problems will continue to be studied in various 
fields. Studies in one corporation and one industry will 
run into huge barriers in areas related to social systems. 
These barriers are not being discussed. 


Discussions on ecofactory technologies and their concep- 
tions are gradually gaining more depth in this advanced 
research. Introducing and establishing these kinds of 
ideas into social systems will be extremely difficult under 
the current circumstances. However, this is not a 
problem that can be neglected. It is crucial for R&D on 
ecofactory technology to be rooted in society. 


While these discussions are underway in the planning 


committee, | would like to gain your support so that we 
can produce results in this pioneering research. 


Chiba University Professor on New Machine Tool 
Technology 


94FE02961 Tokyo KIKAI SHINKO in Japanese Nov 93 
pp 75-81 


[Article by Professor Yoshimi Yoshida, Mechanical 
Engineering Course, Faculty of Engineering, Chiba Uni- 
versity] 


[Text] 


Introduction 


Last September, I had a chance to attend the 10th 
European International Machine Tools Trade Show (10. 
EMO) held every four years in Hanover. Although this is 
my second consecutive trip to this trade show in 
Hanover, I looked forward to this trade show because it 
followed events that will change society like the unifica- 
tion of East and West Germany and the unification of 
the European Community (EC). This was a truly inter- 
esting trade show where my expectations entailed what 
metamorphosis would take place in the machine tool 
industry in the EC with Germany having a new social 
situation for the first time, or what measures should be 
taken to escape the current recession. 


I will develop this discussion by comparing the current 
state of machine tool technology overseas within this 
climate to the actual state of machine tools in Japan. 


Overall Impression of 10. EMO 


Although this trip to 10. EMO lasted only a few days, 
September 14-16, it became, unfortunately, a somewhat 
unfocused trip. Exhibition halls of various shapes were 
adeptly located on the very large site of the trade show so 
that even people who attended only once could point 
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them out. Of these, there were various exhibits, 
including one of machine tools in the broad sense not 
simply the machine tools themselves and exhibits of 
peripheral equipment (in fact, a wide variety of machine 
exhibits), and software exhibits. I think the show needed 
to be longer in order to see the whole show. 


As a result, while taking into account this schedule, | 
would like to first convey my impressions of several 
exhibits related to machine tools in the narrow sense. 


The number of attendees was relatively few on the first 
day and I was able to survey the exhibits with no trouble. 
However, on the second and third days, the expansive 
site was crowded by the influx of visitors who were there 
to conduct business. But compared to the congestion at 
the machine tools trade show in Japan, I was able to 
comfortably survey the site. 


This time, 1,887 companies from 37 countries had 
exhibits. Although I covered about half of the whole site, 
it seems a portion of the companies declined to display 
products, so the booths were changed into lounges or 
event displays. Consequently, the number of exhibiting 
companies was decreased slightly. However, this may 
also reflect the poor business climate. 


Moreover, large-scale factory automation (FA) system 
exhibits of flexible manufacturing systems (FMS) or 
computer-integrated manufacturing (CIM) which occu- 
pied a very large portion of the exhibits and would have 
a substantial impact were almost totally absent. I had the 
impression that they were replaced by a vast number of 
exhibits on flexible manufacturing cells (FMC, i.e., 
machining centers and turning centers) as system config- 
ured machine tools. Nevertheless, their actual operation 
demonstrated a degree of technical completion. A sim- 
ilar trend occurs in Japan’s trade shows, so trade shows 
have become very practical. Exhibits of large-scale sys- 
tems used either posters or videos and aimed at exhib- 
iting the technology. 


There were few new products, but there were products 
that returned to the technology source with the result of 
appearing to be relatively new products. Companies 
exhibited the history of technology. A shaver manufac- 
turer exhibited old products along with new products 
and illustrated the history of the technology. This 
seemed to indicate the company’s position of firmly 
protecting its brand. Today, lathes with slant beds have 
the basic form of numerically controlled lathes. Lathes 
with a shallow incline of the slant bed and a slant bed 
structure with an incline closer to a horizontal bed were 
exhibited. These products exhibited the technical issues 
of being able to stably process given the manufacturing 
technology. I saw many products that demonstrated 
autonomy, but this irend was already apparent at the 
previous Hanover Messe. Of course, the trend of devel- 
oping numerical controls is unchanged. (About 25 per- 
cent of these exhibits were Siemens’ systems.) However, 
similar to what is seen in Japan’s machine tool industry, 
almost all of the companies have not specialized to a 
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particular type of equipment. This is not a departmen- 
talized system and each company has taken the position 
that its type of equipment is important. 


This machine tools trade show was extremely interesting 
as the first large-scale trade show after EC unification. 
German corporations, as explained earlier, designed a 
technological tradition based on each corporation 
placing importance on its own types of equipment. I felt 
that even in other countries, beginning with France and 
Italy, the corporations in these countries are trying their 
best. Efforts are being made to prevent falling behind 
Germany. 


Forgive the short time I spent and the small amount of 
material I collected, but I did briefly touch on the 
technical aspects and observed the following character- 
istics. Machine tools for metal die processing (in partic- 
ular, machining centers and turning centers) were prev- 
alent. Therefore, many machine tools were equipped 
with multiple axes control functions and the elements to 
control them (spindle heads or manufactured product 
installation devices) varied. I saw the technical develop- 
ments to achieve this. More complex machining centers 
equipped with grinding heads were present as were 
equipment with more complex laser heads. I also saw 
machining centers having multihead spindle heads to 
improve productivity. In addition, this interesting trade 
show presented measures to improve the hardness of 
machine tools, as well as developments underway on 
turning centers (called machining centers) with a space- 
saving downward spindle assembly and excellent chip 
removal. 


Comparison with new technology trends in Japan 


The issue facing corporations that manufacture machine 
tools domestically and abroad is to manufacture 
machine tools for users that will maintain higher quality 
(higher precision) manufactured goods created more 
rapidly (speed up) and more inexpensively (more effi- 
ciently), and are safely and easily operated by people. 
Another task is to provide machine tools that consider 
unmanned operation to save time and improve the 
workplace environment. 


To respond to the demands of this era, one needed 
technology for future machine tools is technology to 
maintain precision in machine tools over a long life 
span. That is, the manufacturing technology will 
improve the reliability of work precision. In addition, 
the structural materials for machine tools were evaluated 
as inferior to those in Europe and the United State, 
resulting in rapid deterioration in precision. However, it 
is believed the structural techniques for machine tools 
can solve this problem today. 


Another technology is to develop advanced automation 
or systematization of machine tools. There will be com- 
posite technology development able to comprehensively 
process a variety of machine processes. Of course, devel- 
oping machine tools that are economical will be neces- 
sary in the future. 
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3. Steps to improved precision 


High precision machine tools are ultraprecise machining 
and grinding machine tools exemplified in mirror sur- 
face finishing. In spite of there being machine tools that 
guarantee operating precision in units of nanometers 
(nm = 10°mm), recently, automation has been moving 
forward and the automation of ultraprecise machining 
has proceeded in the automatic processing of the mirror 
surfaces in magnetic disks and the polygon mirrors used 
in laser printers. Of course, we cannot forget the accu- 
mulation of basic technologies over many years used in 
this technological development. In this field, there is a 
great deal of excellent processing equipment in domestic 
products. 


However, we cannot forget that the majority of machine 
tools used to manufacture this processing equipment 
depends on foreign machine tools. For example, there 
are the lathes of Schaoblin, cylindrical grinders of Schaut 
and Studer, and the precision surface grinders of Jung. 
These products are the results of efforts to improve 
within each of these companies. Unfortunately, Deblieg, 
the famous machine tool manufacturer on whose designs 
Japanese corporations have based their designs, did not 
have an exhibit. The saving grace was probably the 
remarkable machines announced by Dixi. 


Recently, since artificial granite called granitan, which 
has superior oscillation characteristics, can be used in 
the other structural elements of the machine bed, there 
were corporations selling spindles in addition to selling 
granitan beds. ELB may be one company that success- 
fully applied artificial granite to grinding beds. For these 
materials which exhibit thermal problems, ACO 
announced technical data and the development of epoxy 
compounds that do not have thermal problems (low 
thermal conductivity). The strategy is to possibly use 
them in the future. 


2. Developing composites 


One direction for future processing technology is com- 
posite processing. While high-speed processing methods 
and high precision machining methods have been used 
independently, in the future, a machining format (com- 
posite processes) that shares the characteristics from 
each methodology will be considered. A particularly 
striking example of this effect is Al alloy processing. The 
high-speed Al alloy process is used in machining fuse- 
lage parts of airplanes and various fans, thus, it has had 
a major impact. The heat generated during machining, 
due to high-speed machining, is decreased and thermal 
expansion of the parts is suppressed. In addition, by 
reducing the loss of tools, the parts are endowed with 
higher precision and efficiency. This utilizes the effect of 
reduced heat generation during processing which is one 
effect of high-speed machining. 


Furthermore, there are new developments where lasers 
(YAG lasers) are introduced as machining tools into 
composite processes. 50W laser heads installed on one 
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end of the turret spindles located in two positions are 
used as new composite process tools in cutting, 
quenching, and welding. This turning center is a model 
announced by Traubu. It is publicized for use in a 
variety of applications because it has almost no 
machining force and small thermal effects. 


One development trend for machine tools is simple 
structures (simplification) where only improved charac- 
teristics of the structure can be designed. The other trend 
is developing more composite tools capable of 
machining functions. A machining center is representa- 
tive of this type of machine tool. A number of tools 
housed in equipment by an automatic tool changer 
(ATC) can be automatically selected and changed in 
response to machining demands to perform a specific 
process. In general, however, angled parts are limited to 
parts processed by contouring, boring, and surface fin- 
ishing by milling tools and boring tools. Further, 5-axes 
machine tools with an increased number of control axes 
are appearing even in Japanese corporations and com- 
plex shape processing is becoming possible. Thus, the use 
of machining centers is advancing. Although initially 
horizontal spindle machining centers were prevalent, 
vertical spindle machining centers for metal machining 
are gradually expanding and are now surpassing hori- 
zontal machining centers. Since there are limits to what 
a vertical axis machining center can machine, there are 
also machining centers for 5-sided machining equipped 
with an interchangeable spindle unit called an angle 
attachment or with a swiveling spindle. 


Additionally, Scheiss developed a production center 
based on a machining center equipped with a machining 
spindle in the ATC. Concurrent with advances in com- 
posite machines are improvements in productivity. 


3. Changing the structure 


I also saw machining centers with new structures. A 
column that supports the spindle bed is the basic struc- 
ture at Jung, a manufacturer of precision surface 
grinders, and is called the sunken column method. This 
has proven to be very effective for rigidity. Other sunken 
column machining centers using this structure have 
appeared. A model under development at O.M.V in Italy 
will be a stable, aesthetic machine center with an 
extremely low machine body and excellent rigidity. 


In contrast, there was a machining center designed with 
an innovative workpiece installation method (CMS- 
Nord Productique in France). For example, instead of 
the usual surface for a boring machine, there is a large, 
square hole where a workpiece installation tool can be 
installed at the center. The workpiece is installed on each 
of the four sides and multi-spindie machining is possible. 
This method produces a suitable high rigidity workpiece 
spindle. 


In contrast to machining centers, Japanese corporations 
also developed turning centers equipped with milling 
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functions like flattening and grooving on the side sur- 
faces of round products in numerically controlled (NC) 
lathe functions. NC lathes are becoming more multifunc- 
tional and their use in composite machining tools is 
spreading. The same trend was evident at 10. EMO. 
Composite machines are being developed to the extent 
that an NC lathe cannot be distinguished from a turning 
center. This guarantees the position of system compat- 
ible machine tools that compose FMS (flexible manufac- 
turing systems) as FMC and equips NC lathes with ATC 
and AWC (automatic work changer). Of these, turning 
centers (also called machining centers) having a vertical 
reverse spindle structure were announced. These models 
are based on almost the same idea as the models 
announced as space-saving NC lathes by Japanese cor- 
porations at the previous Tokyo International Machine 
Tools Trade Show. However, this time, machining cen- 
ters capable of machining relatively large objects and 
supplemented with automatic tool changing and work- 
piece changing functions were announced. Emag’s 
machine tool is representative of this type of machining 
center. Hessap and Weisser also made similar announce- 
ments. 


Recently, grinders have come to be called grinding 
centers and NC grinders with composite functions are 
appearing. In this way, composite machining by multiple 
functions related to machine tool functions is pro- 
gressing. 


4. Improving productivity 


Faster speeds, better precision, and more composites are 
the technical trends of machine tools in Japan to 
improve productivity. A similar trend is taking place in 
machine tools overseas. Increasing the speed of the 
spindle is based on the strategy of a sufficiently fast 
spindle (perhaps, for the sales policy), but not requiring 
an especially fast spindle in practical use. I thought 
speeding up ATC was a major publicity point at this 
trade show. Of course, similar speed ups in table trans- 
fers were announced. As for higher precision, the preci- 
sion of finished products was announced and higher 
precision was demonstrated at this trade show. Results 
measuring all kinds of precision based on JIS 6201 were 
announced and the high precision of the machine tools 
was publicized. In this way, instead of examples showing 
actual measurements, I saw examples showing the 
rigidity of machines based on the meaning that the 
rigidity of the machine compensates for precision. 
Overall, there were machines where it was difficult to 
always say they had high rigidity designs, but in planar 
machining centers, I saw designs that maintained high 
rigidity appropriate for the column in spite of their 
relatively small sizes. Gantry-type machining centers 
were present, too. There was an ATC and machining 
center equipped with a modular multihead spindle (in 
this case, a 3-head spindle structure) from Fritz Werner. 
Moreover, there was a great deal of interest in the 
structure with a system to freely control the height of the 
front end of the spindle. 
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Similarly, there was a machining center from Chiron 
constructed from a twin head spindle to increase produc- 
tivity. This model also eliminated the deficiencies of a 
single axis in a machining center. 


Conclusion 


I had a very short time to survey the show. The scope | 
surveyed was extremely narrow. In addition, for gear 
machine tools, for example, almost all of the famous 
machine tool manufacturers for gear machining exhib- 
ited machine tools. Moreover, I noted the importance of 
gears has not been lost. For example, in solving the noise 
problem of automobile transmissions, it is important to 
design for smaller sizes from the perspective of energy 
and resource conservation. Therefore, there is a demand 
for higher performance gear machine tools. Moreover, 
the tasks assigned to future machine tools for gear 
machining such as considering higher quality work mate- 
rial that should be machined are important. 


These issues are not simply limited to machine tools for 
gear machining, but are problems shared by general- 
purpose machine tools. To solve the problems of high 
rigidity, high precision, and high performance, more 
innovative machine tool designs are being sought. 


One solution to deal with these problems is the attempt 
to develop composites (regardless of the function and 
Structure) in the broad sense. Although the opportunity 
exists for satisfactory speeds for fast machining, high- 
speed machining can also make high precision (compos- 
ite) and managing high quality in machined products 
possible. When improving the reliability and lengthening 
the life span of future products are considered, high 
speed and high precision machining are necessary. This 
concludes my report. 


MITI’s Technical Aid Outlined 


94FE0296J Tokyo KIKAI SHINKO in Japanese Nov 93 
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[Article by Hidefumi Ikegami, manager, Project Group, 
Engineering Advancement Association of Japan 
(ENAA)} 


[Text] The Ministry of International Trade and Industry 
(MITI) is conducting the following comprehensive sur- 
veys targeting developing countries: 


(1) 1986—Overall coal utilization efficiency in China 


(2) 1987—Determining the basic preliminary plan on 
energy resource use in China 


(3) 1992—Survey of environmental conservation poli- 
cies in developing nations (air pollution studies in 
China) 


(4) 1993—Survey of environmental conservation poli- 
cies in developing countries (air pollution studies in 
ASEAN countries) 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 














JPRS-JST-94-031 
23 September 1994 


(5) Planning survey of overall sacred tree charcoal utili- 
zation in China 


In the 1986 survey (1) to study the overall coal utiliza- 
tion efficiency in China, industry and the people’s wel- 
fare have been affected because of the supply shortage of 
coal, which is a principal energy source in China, caused 
by low utilization efficiency and poor transportation 
capability. As a result, the current situations in coal 
utilization, coal mines, and transportation were ascer- 
tained in terms of technology concerning the efficient 
use of coal, and related issues and problems were clari- 
fied. In addition, the applicability to China of efficient 
coal utilization technologies of Japan, Europe, and the 
United States was studied and various problems needed 
to draft policies on future industrial technology cooper- 
ation were proposed. 


In the 1987 survey (2) to determine the basic preliminary 
plans for energy resource use in China, China which has 
a rich supply of energy resources has advantageous 
conditions to achieve stable economic development over 
the long term. However, since the foundation for the 
practical use of energy resources is incomplete, energy 
supply shortages limit economic development. Thus, the 
current circumstances and problems in the investiga- 
tions, development, manufacturing and processing, 
transportation, and use of primary energy resources in 
China were determined. Additionally, a proposal was 
made on how the foundation for the practical use of 
energy resources should be prepared from the perspec- 
tive of pursuing profit by both Japan and China. 


In the 1992 survey (3) to study environmental conserva- 
tion policies in developing nations (air pollution studies 
in China), based on the characteristics of the energy use 
in the target country of China, the industrial structure, 
the economic level, the environmental standards, and 
the possibility of local acceptance were examined. Suit- 
able technologies that can be transferred from air pollu- 
tion technology in Japan were explained. 


Desulfurization technology for coal burning boilers in 
the industrial and public sectors and boilers in coal 
power generation plants moved towards techniques for 
technology transfer. 


The following studies were performed in the target fields 
of the industrial and public sectors and the coal power 
generation plant sector. 


(1) The target regions for the surveys in the industrial 
and public sectors were Nanking in Jiangsu Prov.nce, 
Wuhan in Hubei Province, Benxi in Liaoning Province, 
and Shenyang in Liaoning Province. 


(2) The organizations that conducted the surveys of the 
coal burning generator sector were the Resource Divi- 
sion, Safe Environment Bureau (Beijing); Resource Divi- 
sion, Xi'an Thermal Plant (Xi'an, Shensi Province); 
Resource Division, Shinan Electric Power Design and 
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Research Institute (Chengdu, Sichuan Province), and 
Sichuan Province Electric Power Industry, Baima Plant 
(Zigong, Sichuan Province) 


The following surveys were mainly performed in the 
industrial and public sectors. 


(1) Current technology conditions, overseas technology 
trends, and the domestic situation in Japan’s smoke 
desulfurization technology and dust collection tech- 
nology were examined. 


¢ Completed developments or current developments 
exhaustively cover domestic and overseas develop- 
ment. 

¢ The system flow, performance, construction costs, 
operating costs, and restrictions on construction and 
operation were established. 


(2) Views on the factory production scale, pollution 
generation conditions, methods to train skilled workers, 
and local organization were surveyed in local surveys in 
China. 


(3) These local surveys were analyzed and organized into 
the 


* problems of pollution prevention measures and poli- 
cies to address them, and 

¢ air pollution prevention technologies that must be 
transferred. 


The following major surveys were performed in the coal 
thermal power generation field. 


(1) Concerning Japan’s desulfurization equipment for 
therma! power plants 


¢ The types of desulfurization equipment currently 
under development or in the development phase were 
exhaustively selected. 

¢ The degree of completion, characteristics, construc- 
tion costs, operating costs, and restrictions on the 
construction and operation were established. 


(2) The capacity of China's thermal power generation 
plants, sites, fuel utilization characteristics, operating 
conditions, and pollution generation conditions were 
investigated. 


(3) Situations previously confronted in desulfurization 
technologies in China and future directions were 
studied. 


In the 1993 survey (4) to study environmental conserva- 
tion policies in developing countries (air pollution 
studies in ASEAN countries), suitable technologies for 
ASEAN countries (Indonesia, Philippines, Thailand, 
Malaysia) were selected from Japan's air pollution pre- 
vention technologies of dust collection and smoke des- 
ulfurization. Based on surveys of combustion tech- 
nology, fuel policies, and environmental standards of the 
ASEAN countries, the expectation is the objective of 
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promoting the transfer of technologies most suited to the 
target country will be carried out. 


These surveys are based on the following surveys in 
Japan and overseas surveys and will give direction to the 
environmental technologies suited to ASEAN countries. 


(1) The current state of technology, overseas technology 
trends, and the results of surveys on the current domestic 
conditions of Japan’s smoke desulfurization technology 
and dust collection technology will be examined in the 
following way. 


¢ Completed development or current development will 
exhaustively cover domestic and overseas develop- 
ment. 

¢ The system flow, performance, construction costs, 
operating costs, and restrictions on construction and 
operation will be established and appropriate technol- 
ogies for ASEAN countries will be selected. 


(2) Through surveys conducted overseas for each target 
country and each region, views will be surveyed on the 
manufacturing scale of factories, manufacturing process, 
current state of pollution generation, methods to train 
people, required investments in pollution prevention 
facilities, surveys of needs, regulatory state of environ- 
mental laws, and government organizations. 
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(3) These local survey results will be analyzed for 


¢ problems and policies seen from the manufacturing 
process, 

* problems and measures to prevent pollution, and 

¢ air pollution prevention technologies that must be 
transferred. 


Through the implementation of a commissioned study in 
the comprehensive development planning study in 1986, 
Organizations connected to China and technology 
exchanges were promoted by the Engineering Advance- 
ment Association of Japan and the implementation of 
projects was encouraged. On 23 November 1992, the 
China National Planning Committee, China Interna- 
tional Engineering Consultative Company (CIECC), and 
the Japan International Cooperation Agency signed the 
Comprehensive Utilization Planning Study on China's 
Sacred Tree Coal. A full-scale study began on realizing 
the COMPLEX project on sacred tree charcoal use. 


COMPLEX is slated for establishment in Baotou, which 
is the largest industrial city in Inner Mongolia. The raw 
material is coal, and municipal gas, urea fertilizer, meth- 
anol fuel, and acetic acid are produced. The complete 
consumption of the products by domestic demand is 
expected. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copright owner(s). 




















BULK RATE 
U.S. POSTAGE 
PAID 
PERMIT NO. 352 
MERRIFIELD, VA. 














This is a U.S. Government publication. Its contents in no way represent the 
policies, views, or attitudes of the U.S. Government. Users of this publication may 
cite FBIS or JPRS provided they do so in a manner clearly identifying them as the 
secondary source. 














Foreign Broadcast Information Service (FBIS) and Joint Publications Research Service (JPRS) 
publications contain political, military, economic, environmental, and sociological news, commentary, 
and other information, as well as scientific and technical data and reports. All information has been 
obtained from foreign radio and television broadcasts, news agency transmissions, newspapers, books, 
and periodicals. Items generally are processed from the first or best available sources. It should not be 
inferred that they have been disseminated only in the medium, in the language, or to the area indicated. 
Items from foreign language sources are translated; those from English-language sources are tran- 
scribed. Except for excluding certain diacritics, FBIS renders personal names and place-names in accor- 
dance with the romanization systems approved for U.S. Government publications by the U.S. Board 
of Geographic Names. 


Headlines, editorial reports, and material enclosed in brackets [] are supplied by FBIS/JPRS. 
Processing indicators such as [Text] or [Excerpts] in the first line of each item indicate how the 
information was processed from the original. Unfamiliar names rendered phonetically are enclosed in 
parentheses. Words or names preceded by a question mark and enclosed in parentheses were not clear 
from the original source but have been supplied as appropriate to the context. Other unattributed 
parenthetical notes within the body of an item originate with the source. Times within items are as given 
by the source. Passages in boldface or italics are as published. 











SUBSCRIPTION/PROCUREMENT INFORMATION 





The FBIS DAILY REPORT contains current news 
and information and is published Monday through 
Friday in eight volumes: China, East Europe, Central 
Eurasia, East Asia, Near East & South Asia, Sub- 
Saharan Africa, Latin America, and West Europe. 
Supplements to the DAILY REPORTs may also be 
available periodically and will be distributed to regular 
DAILY REPORT subscribers. JPRS publications, which 
include approximately 50 regional, worldwide, and 
topical reports, generally contain less time-sensitive 
information and are published periodically. 


Current DAILY REPORTs and JPRS publications are 
listed in Government Reports Announcements issued 
semimonthly by the National Technical Information 
Service (NTIS), 5285 Port Royal Road, Springfield, 
Virginia 22161 and the Monthly Catalog of U.S. Gov- 
ernment Publications issued by the Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402. 


The public may subscribe to either hardcover or 
microfiche versions of the DAILY REPORTs and JPRS 
publications through NTIS at the above address or by 
calling (703) 487-4630. Subscription rates will be 





provided by NTIS upon request. Subscriptions are 
available outside the United States from NTIS or 
appointed foreign dealers. New subscribers should 
expect a 30-day delay in receipt of the first issue. 


U.S. Government offices may obtain subscrip- 
tions to the DAILY REPORTs or JPRS publications 
(hardcover or microfiche) at no charge through their 
sponsoring organizations. For additional information 
or assistance, call FBIS, (202) 338-6735.or write 
to P.O. Box 2604, Washington, D.C. 20013. 
Department of Defense consumers are required to 
submit requests through appropriate command val- 
idation channels to DIA, RTS-2C, Washington, D.C. 
20301. (Telephone: (202) 373-3771, Autovon: 
243-3771.) 


Back issues or single copies of the DAILY 
REPORTs and JPRS publications are not available. 
Both the DAILY REPORTs and the JPRS publications 
are on file for public reference at the Library of 
Congress and at many Federal Depository Libraries. 
Reference copies may also be seen at many public 
and university libraries throughout the United 
States. 














END OF 
FICHE 


DATE FILMED 
IF Ot GL 








